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Add/N-termuius conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropyicarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off. the product 
precipitated out in ^ther and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coiyugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropyicarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent, the reaction can then be stirred for several hours 
at room temperature, the urea by-product fdtered off. and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Tenmnus Conjugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

'f'AlkyI Glutamate/C-Terminus Coqjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydh>xybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by<product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y- Alky I Glutamate-NCA 

y- Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent 

Preparation of Poly['y-Alkyl Glutamate] 

y- Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25. various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 ethinyl estradiol and norgestiel covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein ethinyl estradiol and norgestrel are 
covalentiy attached to a side chain» the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceiitically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein ethinyl estradiol and norgestiel are 
conformationally protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
ethinyl estradiol and norgestrel from said composition in a pH-dependent maimer. 

IS 19. A method for protecting ethinyl estradiol and norgestrel from degradation 

comprising covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of ethinyl estradiol and norgestrel from a 
composition wherein said composition comprises a polypeptide, said method comprising 
covalently attaching ethinyl estradiol and norgestrel to said polypeptide. 

20 2 1 . A method for delivering ethinyl estradiol and norgestrel to a patient 

comprising administering to said patient a composition comprising: 
a polypeptide; and 

ethinyl estradiol and norgestrel covalently attached to said polypeptide. 

22. The method of claim 21 wherein ethinyl estradiol and norgestrel are released 
25 from said composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein ethinyl estradiol and norgestrel are released 
from said composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and ethinyl estradiol and norgestrel 
covalently attached to the polypeptide. Also provided is a method for delivery of ethinyl 
estradiol and norgestrel to a patient comprising administering to the patient a composition 
5 comprising a polypeptide and ethinyl estradiol and norgestrel covalently attached to the 
polypeptide. Also provided is a method for protecting ethinyl estradiol and norgestrel 
from degradation comprising covalendy attaching it to a polypeptide. Also provided is a 
method for controlling release of ethinyl estradiol and norgestrel from a composition 
comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING EXENDIN-4 AND 
METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalently attached to exendin-4, as well as methods for 
protecting and administering exendin-4. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well snidied and occupies a known segment of 
the phaimaceutical maricct, and combining it with a carrier compound that enhances the 
usefuUiess of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Exendin-4 is a known pharmaceutical agent that is used in the treatment of 
diabetes. It is a synthetic form of a peptide isolated from the salivary secretions of the 
Gila monster lizard. 

The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/ceU type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another acUve pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of tiiese 
systems becomes magnified, when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
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life or survival ia the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

5 cellular membranes and transport across lipid bilaycrs. Incorporating adjuvants such as 
rcsorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent Enzyme inhibiting adjuvants have also been used to prevent enzyme 

10 degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
15 copolymers of lactic acid and glutaric acid arc used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

20 Each of these technologies im.parts enhanced stability and time-release properties 

to active a^nt substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 

25 is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with litde active agent available for sust^ned release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 



2 



wo 03/034980 PCT/USO 1/43089 

3154 

CW169P 



unreliable. For example* an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached These technologies typically 

5 require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

10 gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamcthasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

15 released dexamcthasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no dmg delivery system, heretofore reported, that 

20 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers arc digested slowly 

25 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the BAR 
application, but absorption through the brush-border membrane of the intestines is limited 

30 to less than S microns. 
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SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent (exendin- 
4) to a polymer of peptides or amino acids. The invention is distinguished from the 
above-mentioned technologies by virtue of covalently attaching exendin-4 to the N- 

S terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In ceitain applications, the 
polypeptide wiU stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

10 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising exendin-4 microencapsulated by a polypeptide. 

IS The invention provides a composition comprising a polypeptide and exendin-4 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

20 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Exendin-4 preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
25 another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
prefened embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 
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The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
S preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
10 composition in a pH-dependent manner. 

The invention also provides a method for protecting exendin-4 from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering exendin^ to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 

IS composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, exendin-4 is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, exendin-4 is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further conqprises a 

20 microenc^ulating agent and exendin-4 is released from the composition by dissolution 
of the microenc£q)sulating agent. In another preferred embodiment, exendin-4 is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, exendin-4 is released from the composition in a sustained release. 
In yet another preferred embodiment, the composition further comprises an adjuvant 

25 covalently attached to the polypeptide and release of the adjuvant from the composition is 
controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 



5 



wo 03/034980 



3157 



PCT/USOl/43089 



cwie9P 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalentiy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching exendin-4 to a side chain of an amino acid to fma an active 
5 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

10 b a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, exendin-4 and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

IS active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

20 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description'and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
25 The general applications of this invention to other active pharmaceutical agents is 

described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000. 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
30 the invention can stabilize exendin-4 and prevent its digestion in the stomach. In 
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addition, die phannacologic effect can be prolonged by delayed release of exendin-4. 
Furthennore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

5 The composition of the invention conq>iises exendin-4 covalendy attached to a 

pQlypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 

10 more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices* pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
15 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 

20 are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 

25 model for determining forces contributing to protein subility is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups ftom the protein interior 
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and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are fonned at the expense of hydrogen bonds with water. Water molecules are 
5 **pushed ouf * of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

10 Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 

peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfoldmg process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 

15 S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

20 Conformational protection of active agents by proteins depends on the stability of 

the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
25 instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
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ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine* 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
S be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide* 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
10 active agents or adjuvants to the same carrier peptide. This is particulariy useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanisia Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total dnig-dextran conjugate 
25 weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 

9 
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jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of • 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

5 TABLE 



Amino acid 


MW 


Active a&ent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin (Pyroxidine) . 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine . 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 

10 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 7S0 and aspirin would represent 24% of the total weight of the active agent . 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

15 conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to die N-tenninus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a caiboxyUc acid (e.g., aspirin) then the N- 
20 terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the prefenred point of attachment in order 
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to achieve a stable peptide linked active agent. In both* the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
5 above where the alcohol, norethindrone, was covalendy attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloioformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the . 
peptide carrier by intestinal peptidases. 

10 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-teiminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the dnig as shown in Fig. 4. Intestinal 

15 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

20 caiboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 

25 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, poiyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
30 polypeptides through a spacer or linker on the pendant group, which is terminated. 
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preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
5 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-temiinus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
10 dialkyl-3*acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, exendin-4 is covalently attached to the polypeptide via a 
peptide bond. 

The polypeptide carrier can be prepared using conventional techniques. A 
15 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
20 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-activc agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
25 epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asymmeUically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
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intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
S sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
10 particularly preferred when using an otherwise poorly absorbed active agent Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic donudn of aminopeptidase-N into the lunoen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

15 Preferably, the resultant pepUde-exendin-4 conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-termuiiis conjugation 

20 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatogn^hy (GPC) or 

25 dialysis. 

Amine/C-terminus coi\jugation 
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The peptide carrier can be dissolved in DMF under nitrogen and cooled to oPc. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, die urea by-product filtered off, and the product precipitated out in 
S ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Conjugation 

In the following example die combination of the alcohol with triphosgene 
produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
10 triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 
is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used* Examples of 
15 other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
dicyclohexylcarfoodiimide or thionyl chloride. An exanq>le of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 

20 Preparation of Y-AlkylGlutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
25 dried and recrystallized from hot water. 

Y-Alkyi Glutamate/C-Terminus Coiyugation 
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The peptide earner can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisoprdpylcaifoodiimide and hydroxybenzotriazole 
followed by the y-alkyl glutamate bioactive agent. The reaction can then be stiired for 
several hours at room temperature, the urea by-product filtered off, and the product 
5 precipitated out in ether and purified using GPC or dialysis. 

Preparation of f'Alkyl Ghitamate-NCA 

Y- Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
the mixture refluxed under a nitrogen aunosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
10 which is filtered, dried and recrystallized from a suitable solvent 

Preparatimi of PolyLY-Alkyl Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
IS filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 
5 excndin-4 covalently attached to said polypeptide. 

2* The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim I wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

IS 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein exendin-4 is covalently attached to a side 
chain, the N-tenninus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein exendin-4 is conformationally protected 
by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
exendin-4 from said composition in a pH-dependent manner. 

IS 1 9. A method for protecting exendin-4 from degradation conq>rising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of exendin-4 from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
exendin-4 to said polypeptide. 

20 2 1 . A method for delivering exendin-4 to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

exendin-4 covalently attached to said polypeptide. 

22. The method of claim 21 wherein exendin-4 is released from said composition 
25 by an enzyme-catalyzed release. 
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23* The method of claim 21 wherein exendin'4 is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

f 5 25. The method of claim 21 wherein said composition fiirther conq>rises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant . 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and exendin-4 covaiently attached to the 
polypeptide. Also provided is a method for delivery of exendin-4 to a patient comprising 
administering to the patient a composition comprising a polypeptide and exendin-4 
5 covaiently attached to the polypeptide. Also provided is a method for protecting exendin- 
4 from degradation comprising covaiently attaching it to a polypeptide. Also provided is 
a method for controlling release of exendin-4 from a composition comprising covaiently 
attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FAMCICLOVIR 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalently attached to famciclovir, as well as methods for 
protecting and administering famciclovir. This novel compound, referred to as a 
CARRIERWA VE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 
the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Famciclovir is a known pharmaceutical agent that is used in the treatment of viral 
infection. Its chemical name is 2-I2-(2-amino-9H-purin-9-yl)ethyl]-l,3-propanediol 
diacetate. Its stmcture is: 



The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
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compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor 

Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 

S systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 

to reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
15 cellular n^mbranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

20 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 

25 through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can . 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
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shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
5 microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

10 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-dmg conjugates of this class of dmg delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

15 administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
ganmia carboxylate of polygiutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covaiently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 

20 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 

25 active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no dmg delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
30 size of the active agent delivery system. Variable molecular weights have unpredictable 
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diffusion rates and pharmacokinetics. High molecular weight earners are digested slowly 
or late» as in the case of n^roxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
5 Particle size not only becomes a problem with injectable drugs, as in the HAR 

application, but absorption through the brush-border membrane of the intestines is limited 
to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
10 (famciclovir) to a polymer of peptides or amino acids. The invention is distinguished 
firom the above-mentioned technologies by virtue of covalently attaching famciclovir to 
the N-terminus» the C-terminus or direcdy to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
15 conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

20 Alternatively, the present invention provides a pharmaceutical composition 

comprising famciclovir microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and famciclovir 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
25 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 
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Famciclovir preferably is covalently attached to a side chain, the N-terminus or 
the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
S the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminujs of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
10 microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
IS an intiravenous preparation or an oral suspension. The active agent can be 

conformationaily protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting famciclovir from degradation 
20 comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering famciclovir to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
. polypeptide. In a preferred embodiment, famciclovir is released from the composition by 
25 an enzyme-catalyzed release. In another preferred embodiment, famciclovir is released 
in a time-dependent manner based on the phanhacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition fiitther comprises a 
microencapsulating agent and famciclovir is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, famciclovir is 
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released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, famciclovir is released from the composition in a 
sustained release. In yet another preferred embodiment, the composition further 
comprises an adjuvant'covalently attached to the polypeptide and release of the adjuvant 
5 from the composition is controlled by the polypeptide. The adjuvant can be 

microencapsulated into a carrier peptide-drug conjugate for biphasic release of active 
ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covaiently attached to the polypeptide. The method 
10 comprises the steps of: 

(a) attaching famciclovir to a side chain of an amino acid to form an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

15 (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, famciclovir and a second active agent can be copolymerized in step (c). In another 

20 preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination! In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

25 cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 
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It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patefii Application Serial Number 09/642,820, filed August 22, 2000, 
5 incorporated herein by reference. 

< DETAILED DESCRIPTION OF INVENTION 

K 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize famciclovir and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of famciclovir. 
10 Furthermore, active agents can be combined to produce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The mvention also 
allows targeted delivery of active agents to specifics sites of action. 

Famciclovir is the subject of EP 182024 B (1991) and U.S. Patent Nunabcr 
5,246,937, herein incorporated by reference, which describes how to make that drug. 

IS The composition of the invention comprises famciclovir covalently attached to a 

polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 

20 more namrally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein*s amino acid sequence and the structural constraints on the 
25 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 
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Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The'process of protein folding involves, amongst other things, amino 
5 acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like.a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
10 der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

entropy and the hydrophobic effect. Considering protein stability, the h]^drophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
15 force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
20 maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
25 amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
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Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein*s folded state and the thermodynamics associated with the agent's 
5 decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
10 hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

15 Other factors such as n-n interactions between aromatic residues, kinking of the 

peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

20 Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 

aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
25 profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
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kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
5 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery.* 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 

10 divg absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

15 controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active asent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine ' 


71 


Vitamin B6 (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin Dj 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
20. stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
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molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular, 
weight of 7S0 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalenlly 
attached to the N-teitninus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a caiboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then ihe C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
widi phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxyiate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
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agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
5 poiyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
10 for other polypeptides containing functional side chains. Examples include, but are hot 
limited to, polyiysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-dnig conjugate is 
15 distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
20 the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

25 In the present invention, famciclovir is covalently attached to the polypeptide via 

the amino group. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 

12 
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Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
5 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
10 epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There ate seven known 
intestinal transport systems classified according to the physical properties of the 
IS transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or otter cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
20 agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
25 catalytic domain of anunopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

Preferably, the resultant peptide-famciclovir conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 
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Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following exampleis. 

Acid/N-terminus coiuugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
5 O^C The solution can then be treated with diisopropylcarbodiimide and 

hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for'several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

10 Amine/C-termlnus corrugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to 0°C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
15 ether and purified using GPC or dialysis. 

AlcohoVN-Terminus Coi^jugation 

In the following example the combination of the alcohol with triphosgene 
produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
20 triphosgene in dry DMF under niux>gen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 
is then precipitated out in ether. The cmde product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
25 other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
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hydroxysuccinimide. Examples of bases include pynolidinopyridine, 
dimethylaminopyridine, triethylamine or thbutylamine. 

Preparation of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
( 5 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

y-Alkyl GIutamate/C-Terminiis Coi^jugiition 
10 The peptide earner can be dissolved in DMF under nitrogen and cooled to O^C. 

The solution can then be treated with diisopropylcarfoodiimide and hydroxybenzotriazole 
followed by the y-alkyi glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

15 Preparation of y-Alkyl Glutamate-NCA 

Y'^l^yl glutamate can be suspended in dry THF where triphosgene is added and 
the mixture refluxed under a niuogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent 

20 Preparation of Pdly [Y-Alkyl Glutamate] 

Y-Alkyi giutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

25 Although illustrated and described above with reference to specific embodiments, 

the invention is nevertheless not intended to be limited to the details shown. Rather, 
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various modifications may be made in the details within the scope and range of 
equivalents Of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A phaimaceutical composition comprising: 
a polypeptide; and 

S famciclovir covalently . attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein famciclovir is covalently attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

S 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein famciclovir is conformationally 
protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
famciclovir from said composition in a pH-dependent manner. 

IS ' 19. A method for protecting famciclovir from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of famciclovir from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
famciclovir to said polypeptide. 

20 21. A method for delivering famciclovir to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

famciclovir covalently attached to said polypeptide. 

22. The method of claim 21 wherein famciclovir is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein famciclovir is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

S 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
fipom said composition is controlled by said polypeptide. 



10 Abstract 

A composition comprising a polypeptide and famciclovir covalently attached to 
the polypeptide. Also provided is a method for delivery of famciclovir to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
famciclovir covalently attached to the polypeptide. Also provided is a method for 
IS protecting famciclovir from degradation comprising covalently attaching it to a 

polypeptide. Also provided is a method for controlling release of famciclovir from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FAMOTIDINE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to famotidine, as well as methods for 
protecting and administering famotidine. This novel compound, referred to as a 
C ARRIERWAVE^ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Famotidine is a known pharmaceutical agent that is used in the treatment of ulcers 
IS and heartburn. It is both conunercially available and readily manufactured using 
published synthetic schemes by those of ordinary skill in the art Its structure is: 



The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

25 Active agent delivery systems are often critical for the effective delivery of a 

biologically active agent (active agent) to the appropriate target. The importance of these 
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systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
5 life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 

10 resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzjmie inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 

15 stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
20 growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicaiboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
2S to active agent substances. Unfortunately, these technologies suffer from several 

shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
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microspheres swell by an infinite degree and, unfortunately, may release the active a^nt 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
S active 9gent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 

10 in the bloodstream for the release of the drug and, as such, are not used for oral 

administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 

15 attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodmg formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 

20 combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

25 It is also important to control the molecular weight, molecular size and particle 

size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers arc digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 

30 moisture content which may present a problem with water labile active ingredients. 
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Particle size not only becomes a problem with injectable dnigs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
to less than 5 microns. 

SUMMARY OF THE INVENTION 

( 5 The present invention provides covalent attachment of the active agent 

(famotidine) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching famotidine to 
the N-terminus, the C-terminus or duectly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 

10 polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these q)pIications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
thebodyby selectively hydrolyzing the peptide bonds of the carrier peptide. Tlus 

IS enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising famotidine microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and famotidine 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
20 (ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 

heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

25 Famotidine preferably is covalently attached to a side chain, the N-terminus or the 

C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
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the C-terminus of the polypeptide. In another prefeiied embodiment^ the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment* the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

5 The composition of the invention can also include one or more of a 

microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient a he 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

10 Preferably, the composition of the invention is in the form of an ingestable tablet, 

an intravenous preparation or an oral suspension. The active agent can be 
conformationaUy protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

15 The invention also provides a method for protecting famotidine from degradation 

comprising covalently attaching it to a polypeptide. 

. The invention also provides a method for delivering famotidine to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 

20 polypeptide. In a preferred embodiment, famotidine is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, famotidine is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and famotidine is released from the composition by dissolution 

25 of the microencapsulating agent. In another preferred embodiment, famotidine is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, famotidine is released from the composition in a sustained 
release. In yet another preferred embodiment, the composition further comprises an 
adjuvant covalently attached to the polypeptide and release of the adjuvant from the 
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composition is controlled by the polypeptide. The adjuvant can be microencapsulated 
into a earner peptide-drug conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
S comprises the steps of: 

(a) attaching famotidine to a side chain of an amino acid to form an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

10 (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment* steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, famotidine and a second active agent can be copolymerized in step (c). In another 

15 preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

20 cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester. an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

25 It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 
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DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize famotidine and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of famotidine. 
5 Furthermore, active agents can be combined to produce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

The composition of the invention comprises famotidine covalently attached to a 
polypeptide, Preferably, the polypeptide is (i) an oligopeptide, (it) a homopolymer of one 
10 of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
. heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
IS primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
20 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
. particular model. The process of protein folding involves, amongst other things, amino 
25 acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 
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The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions* ccnftgurationai 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

5 and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at. the expense of hydrogen bonds with water. Water molecules are 
"pushed out** of the packed, hydrophobic protein core. All of these forces combine and 

10 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
15 peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires, overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
20 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
25 the protein's folded state and the thermodynamics associated with the agent's 

decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
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enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as K-n mteractions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

. Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
15 synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 

20 of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 

25 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
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weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran* this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
S membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin B( (Pyioxidine) 


169 


Valine 


99 


Vitamin C (Ascortnc add) 


176 


Leucine 


113 


Aspirin 


180 


Isoieucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 

15 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would lepresent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

20 conceivably have a loading of 58%, although this may not be entirely practical. 
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The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or . 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance* if the active drug is a carboxylic acid (e.g., aspirin) then the N- 

5 terminus of the oligopeptide is the prefened point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-termmus is the 

10 preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(bydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of thislcey intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released fix)m the 

15 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 

20 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
ftom the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 

25 the glutamic acid-drug dimer can be converted into the ganrnia ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum dmg loading of the carrier peptide can be achieved. In addition, other amino 

30 acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 
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The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, poiycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
. 5 polypeptides through a spacer or linker on the pendant group, which is terminated, 
( preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
( distinguished from the pricM* art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
10 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of Unking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
15 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, famotidine is covalently attached to the polypeptide via 
the amino groups. 

The polypeptide carrier can be prepared using conventional techniques. A 
20 preferred technique is copolymerization of mixtures of amino acid N<arboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
. polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
25 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 



12 



wo 03/034980 PCT/USOl/43089 

3202 

CW171P 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynmietric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the raembrane transport system will involve some soit of specialized 

5 adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 

10 sodium ions, bmding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent Addition of an adjuvant is 
15 particulariy preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant peptide-famotidine conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-terminus coiuugation 

25 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
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precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-termiiitis coiuugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C 
S The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several boms 
at room temperature, the urea by-product filtered off» and the product precipitated out in 
ether and purified using GPC or dialysis. 

AIcohoVN-Terminus Coqjugatioii 

10 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a caibamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

15 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
20 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 

Preparation of y-Alkyl Glutamate 

There have been over 30 different 7-alkyl glutamates prepared any one of which 
25 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
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several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystailized from hot water. 

Y-Alkyl Glutamate/OTerminiis Conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the y-alkyl glutamate bioactive agent. The reaction can then be stined for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of Y-Alkyl Glutamate-NC A 

10 y^yl glutamate can be suspended in dry THF where triphosgene is added and 

the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystailized from a suitable solvent. 

Preparation of P6ly[Y-Alkyl Glutamate] 

15 y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 

a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
20 the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

S famotidine covalendy attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. the composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein famotidine is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 fiiither comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transpoiten 

13. The composition of claim 1 further comprising a phamiaceutically acceptable 
excipient 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. Tte composition of claim 1 wherein said composition is in die form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein famotidine is conformationally protected 
by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
famotidine from said composition in a pH-dependent manner. 

15 19. A method for protecting famotidine from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of famotidine from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
famotidine to said polypeptide. 

20 21. A method for delivering famotidine to a patient comprising administering to 

. said patient a composition comprising: 
a polypeptide; and 

famotidine covalently attached to said polypeptide. 

22. The method of claim 21 wherein famotidine is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein famotidine is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

25. The method of claim 21 wherein said composition further comprises an 
adjuvant covalentiy attached to said polypeptide and wherein release of said adjuvant 
fipom said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and famotidine covalently attached to 
the polypeptide. Also-provided is a method for delivery of famotidine to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 famotidine covalently attached to the polypeptide. Also provided is a method for 
protecting famotidine from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of famotidine from a 
composition comprising covalently attaching it to the polypeptide. 



19 



wo 03/034980 



3209 



PCT/USOl/43089 
CW172P 



A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FELODDPINE 
AND METHODS OF MAKING AND USING SAME 

FffiLD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to felodipine» as well as methods for 
protecting and administering felodipine. This novel compound, referred to as a 
C ARRIERWAVE™ Molecular Analogue (CMAX has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier conq[)ound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Felodipine is a known pharmaceiitical agent that is used in the treatment of 
15 hypertension. Its chemical name is 4-(23-dichlorophenyl)-l,4-dihydro-2,6-dimethyl-3,S- 
pyridinedicarboxylic acid ethyl methyl ester. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuviants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent. Enzyme inhibiting adjuvants have also been used to.prevent enzyme 
degradation. Enteric coatings have hetn used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 



2 



wo 03/034980 



3211 



PCT/USOl/43089 
CW172P 



reproducibility. In addition, enc^ulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with litde active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difTicult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

ID require the use of spacef groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

IS ganmia carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta caiboxyiate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the bmsh-border membrane of the intestines is limited 
5 to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(felodipine) to a polymer of peptides or amino acids. The invention: is distinguished from 
the above-mentioned technologies by virtue of covalently attaching felodipine to the N- 

10 terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, alsd referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

IS upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
die body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising felodipine microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and felodipine 

covalemly attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Felodipine preferably is covalemly attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxylic acid and is covalently attached to the N-tenninus of the polypeptide. In 
another preferred embodiment, the active agent is an amme and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
5 preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
IS another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting felodipine from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering felodipine to a patient, the 
20 patient being a human or a non>human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, felodipine is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, felodipine is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition further comprises a 

microencapsulating agent and felodipine is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, felodipine is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, felodipine is released from the composition in a sustained release. 
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In yet another preferred embodiment, the composition further comprises an adjuvant 
covalentiy attached to the polypeptide and release of the adjuvant firom the composition is 
controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biptiasic release of active ingredients. 

5 The invention also provides a method for preparing a composition comprising a 

polypeptide and an active agent covalentiy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching felodipine to a side chain of an amino acid to form an active 
agent/amino acid complex; 
10 (b) forming an active agent/amino acid Qomplex N-carboxyanhydride (NCA) 

from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment^ steps (a) and (b) are repeated prior to step (c) with a 
15 second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, felodipine and a second active agent can be copolymerized in step (c). In another 
preferred emlxKliment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
20 transamination. In another preferred emtxxliment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
25 glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000. 
incorporated herein by reference. 

DRTAn pn nFy;rttTP nON OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
3 the invention can stabilize felodipine and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of felodipine. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Felodipine is the subject of U.S. Patent Numbers 4,264,61 1 and 4,803,081, herein 

incorporated by reference, which describes how to make that drug. 

The composition of the invention comprises felodipine covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as diey do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect , 
refers to the energetic consequences of removing apoiar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
''pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 . often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
S enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand* can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspaitic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary suuctures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g.. glutamic acid, lysine, 
aspaitic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 

5 Generally, it was only possible to load up to I/IO of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention • 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of tte carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Be (Pyioxidine) ' 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin Bj (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of Uie total weight of tiie active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalenUy 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In botii, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 

IS above where the alcohol, norethindrone, was covalendy attached to 

poly(hydrdxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Altematively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copoiymerized with the ganrnia ester glutamic acid NCA to impart 
5 specific properties to the dmg delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

IS alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using kiiown techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, the active agent is covalently attached to the polypeptide 
via a linker. This linker may be a small molecule containing 2-6 carbons and one or more 
functional groups (such as amines, amides, alcohols, or acids) or may be made up of a 
25 short chain of either amino acids or carbohydrates. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific seiquence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts: 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its owla 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase*N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 . absorption of the peptides. 

Preferably, the resultant peptide-felodipine conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off» the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminuscoi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature* the urea by-product filtered off, and the product piecipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Coiyugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
pnxluces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under niU:ogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y- Alky 1 Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example* a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-AIkyl Ghitamate/C-Terminus Coiuugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product Altered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y- AlkyI Glutamate-NCA 

y*Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution caA. be poured into heptane to precipitate the NC A product, 
which is filtered, dried and recrystallized from a suitable solvent * 

Preparation of PolyCy-Alkyi Glutamate] 

y- Alkyl glutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
2S various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A phannaceutical composition comprising: 
a polypeptide; and 

5 felodipine covaiently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occuning amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein felodipine is covaiently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG)» an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant 

16 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

S 14. The composition of claim 1 wherein said composition is in the form of an 

in^stable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein felodipine is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
felodipine from said composition in a pH-dependent manner. 

15 19. A method for protecting felodipine from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of felodipine from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
felodipine to said polypeptide. 

20 21 . A method for delivering felodipine to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

felodipine covalently attached to said polypeptide. 

22. The method of claim 21 wherein felodipine is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein felodipine is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and felodipine covalently attached to the 
polypeptide. Also provided is a method for delivery of felodipine to a patient comprising 
administering to the patient a composition comprising a polypeptide and felodipine 
5 covalently attached to the polypeptide. Also provided is a method for protecting 
felodipine from degradation comprising covalently attaching it to a polypeptide. Also 
provided is a method for controlling release of felodipine from a composition comprising 
covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FENOFDBRATE 
AND METHODS OF MAKING AND USING SAME 

FffiLD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to fenofibrate, as well as methods for 
protecting and administering fenofibrate. This novel compound, referred to as a 
CARRIER WAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

to the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fenofibrate is a known pharmaceutical agent that is used in the treatment of 
15 hyperlipiemia. Its chemical name is 2-[4-(4-chlorobenzoyl)phenoxy]-2-methylpropanoic 
acid 1-methylethyl ester. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of. these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolon^ng shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile ^ids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, nnodified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
S technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

IS ganmia carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganuna carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drag is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drag attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drag delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application* but absorption through the brush-border membrane of the intestines is limited 
5 to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(fenofibrate) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching fenofibrate to 

to the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

IS upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising fenofibrate microencq)sulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and fenofibrate 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Fenofibrate preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxylic acid and is covalently attached to the N-tenninus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
5 preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent maimer. 

The invention also provides a method for protecting fenofibrate from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering fenofibrate to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, fenofibrate is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, fenofibrate is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition fruther comprises a 

microencapsulating agent and fenofibrate is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, fenofibrate is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, fenofibrate is released from the composition in a 
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sustained release. In yet another preferred embodiment, the composition further 
comprises an adjuvant covaiently attached to the polypeptide and release of the adjuvant 
from the composition is controlled by the polypeptide. The adjuvant can be 
microencapsulated into a carrier peptidenlrug conjugate for biphasic release of active 

• s ingredients. 

( 

( The invention also provides a method for preparing a composition comprising a 

polypeptide and an active agent covaiently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching fenofibrate to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-caiboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

IS In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fenofibrate and a second active agent can be copolymerized in step (c). In .another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

20 active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated hexein by reference. 

DFTAn pn DHSCRTPTION OF INVENTION 

The present invention provides several benefits for active agent deliv^. First, 
5 the invention can stabilize fenofibrate and prevent its digestion in the stomach. In 
addition, the phannacologic effect can be prolonged by delayed release of fenofibrate* 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absoiption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

t 

10 Fenofibrate is the subject of U.S. Patent Number 4,895,726, herein incorporated 

by reference, which describes how to make that drug. 

The composition of the invention comprises fenofibrate covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary stnicture of the protein is the 
20 local confonnation of the polypeptide chain and consists of helices, pleated sheets and 
tums. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary suucture. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining' forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
**pushed out*' of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The resuh of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic dmgs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 . often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
S enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionise in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given sq[>plication. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covaient binding of drug for colon specific drug delivery. 

5 Generally^ it was only possible to load up to 1/10 of the total dnig-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin 85 (Pyroxidine)' 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is in^rtant for the selected active agents, which were selected based on ease of 
covaient attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MWsS88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of S8%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 

IS above where the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be.converted into an alkyichloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide earner where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the canier peptide can be achieved In addition, other amino 
acid*NCA*s can be copolynierized with the gamma ester glutamic acid NCA to impart 
5 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not ' 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This canier peptide-diug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl>3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, the active agent is covalently attached to the polypeptide 
via a linker. This linker may be a small molecule containing 2-6 carbons and one or more 
functional groups (such as amines, amides, alcohols, or acids) or may be made up of a 
25 short chain of either amino acids or carbohydrates. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-flrst order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex* 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asynmietrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of uransport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attachjcd to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fenofibrate conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminiis conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can-then be treated with diisopropylcaibodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 ^ stirred for several hours at room temperature, the urea by-product filtered off, the product 
^ precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coqjugatioii 

The peptide earner can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopiopylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Coi^ugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive ag^nt can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hour^. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrroiidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example* a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone» filtered, 
dried and recrystallized from hot water 

Y-AlkyI Glutamate/C-Tenninu5 Coigugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Pireparation of Y*AIkyl Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
1 5 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent* 

Preparation of Polyty- AlkyI Glutamate] 

Y-Alkyl giutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

ovemight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 fenofibrate covalently attached to said polypeptide. 

2. The composition of claim i wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occuiring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
to two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
syndietic amino acid 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fenofibrate is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 i. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 11 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceuticaliy accepuble 
excipient. 

14. The conqx>sition of claim 1 wherein said composition is in the fonn of an 
ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the fonn of an 
Intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
oral suspension. 

17. The composition of claim 1 wherein fenofibrate is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fenofibrate from said composition in a pH-dependent manner. 

19. A method for protecting fenofibrate from degradation comprising covalently 
attaching said active agent to a polypeptide. 

20. A method for controlling release of fenofibrate from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
fenofibrate to said polypeptide. 

21. A method for delivering fenofibrate to a patient comprising administering to 
said patient a composition comprising: 

a polypeptide; and 

fenofibrate covalently attached to said polypeptide. 

22. The method of claim 21 wherein fenofibrate is released from said 
composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fenofibrate is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

S 25. The method of claim 21 wherein said composition iuither comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 



A composition comprising a polypeptide and fenofibrate covalently attached to 
the polypeptide. Also provided is a method for delivery of fenofibrate to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 fenofibrate covalently attached to the polypeptide. Also provided is a method for 
protecting fenofibrate from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of fenofibrate from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FENRETINIDE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalentiy attached to fenretinide, as well as methods for 
protecting and administering fenretinide. This novel coinpound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupi^ a known segment of 

10 the pharmaceutical market* and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fenretinide is a known pharmaceutical agent that is used in the treatment of 
15 cancer. Its chemical name is N-(4-hydroxyphenyl)retinamide. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
20 product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
25' biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
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under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieii of an injection or another 
invasive technique. Increasing the stability of the active agent* such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
5 reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harslily 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile £tt:ids enhance permeability of 
10 cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

15 Active agent delivery systems also provide the ability to control the release of the 

active agent For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active a^nt As another exanq)le, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 

20 through microencapsulation of the active agent in amides of dicaii>oxyUc acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
25 shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
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in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is . 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

S In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

10 administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
ganuna carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polygiutamine. Dexamethasone has been covalently 
attached direcdy to the beta carboxylate of polyaspartic acid without a spacer group. 

15 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 

20 active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
25 size of the active agent delivery system. Variable molecular weights have unpredictable 
difftision rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen*linked dextran, which is digested almost exclusively in 
tbe colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
30 Particle size not only becomes a problem with injectable drugs, as in the HAR 
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application, but absorption through the brush-border membrane of the intestines is limited 
to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
5 (fenretinide) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching fenretinide to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
10 conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

15 Alternatively, the present invention provides a pharmaceutical composition 

comprising fenretinide microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and fenretinide 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
20 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Fenretinide preferably is covalently attached to a side chain, the N-terminus or the 
25 C-terminus of the polypeptide. In. a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another prefened embodiment, the active agent is an amine and is covalently anached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
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an alcohol and is covalendy attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
5 microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
10 an intravenous preparation or an oral suspension. The active agent can be 

conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent firom the 
composition in a pH-dependent manner. 

Tbt invention also provides a method for protecting fenretinide from degradation 
IS comprising covalendy attaching it to a polypeptide. 

The invention also provides a method for delivering fenretinide to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalentiy attached to the 
polypeptide. In a preferred embodiment, fenretinide is released from the composition by 

20 an enzyme-catalyzed release. In another preferred embodiment, fenretinide is released in 
a time-dependent manner based on the pharmacokinetics of the enzymercatalyzed 
release. In another preferred embodiment, the composition further comprises a 
microencapsulating, agent and fenretinide is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, fenretinide is 

25 released from the composition by a pH-dependent unfolding of the polypeptide. In 

another preferred embodiment, fenretinide is released from the composition in a sustained 
release. In yet another preferred embodiment, the composition further comprises an 
adjuvant covalently attached to the polypeptide and release of the adjuvant from the 
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cx)mposition is controlled by the polypeptide. The adjuvant can be microencapsulated 
into a carrier peptide^lrug conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
5 comprises the steps of: 

(a) attaching fenretinide to a side chain of an amino acid to form an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

10 (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) arc repeated prior to step (c) with a 
second active agent. When steps (a) and (b) arc repeated prior to step (c) with a second 
agent, fenretinide and a second active agent can be copolymerized in step (c). In another 

15 preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

20 cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urcthane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

25 It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22. 2000, 
incorporated herein by reference. 
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HFTAn pn nFiSPRIP TlON OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize fenretinide and prevent its digestion in the stomach. In 
addition, the pharmacologic effiect can be prolonged by delayed release of fenretinide. 
5 Furthermore, active agents can be combined to produce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The invention aiSO 
allows targeted delivery of active agents to specifics sites of action. 

Fenretinide is the subject of GB 1S43824 (1979) - based on priority US 
application 628177 (1975), US 4,323,581 (1982). and US 4,665,098 (1987). , herein 
10 incorporated by reference, which describes how to make that drug. 

The composition of the invention comprises fenretim<te covalentiy attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occuiring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
IS heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring ammo acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
20 turns. The protein's amino acid sequence and the structural constraints on the 

conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
25 the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
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protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the t>est 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
5 der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior - 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
10 force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
''pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
15 maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. , 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 

20 amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically* the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 

25 Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
S enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as ic-ic interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a . 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is diat chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covaient binding of drug for colon specific drug delivery. 

5 Generally^ it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides arc hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active zseat 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (TocopheFol) 


431 



Lipophilic amino acids arc preferred because conformational protection through the 
stomach is important for the selected active agents, which werc selected based on ease of 
covaient attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid» for instance, a dnig with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

S The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 

15 above where the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an aikylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the ganuna caiboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peiptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
ageiit with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutanuc acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to inq>art 
5 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of acaon 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fenretinide is covalently attached to the polypeptide via 
the hydroxyl. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide fiitther. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asynmietrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resuhing in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fenretinide conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can.then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coiuugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room teniperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

AIcohol/N-Terminus Conjugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-tenninus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
• other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of 'j^Alkyi Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concenUrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone* filtered, 
dried and recrystallized from hot water. 

Y>Alkyl GIutamate/C-Terminus Coigugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-AllKyl Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of PolyLy-Alkyl Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 fenretinide covalentiy attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fenretinide is covalentiy attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ing^stable tablet 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein fenretinide is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fenretinide from said composition in a pH-dependent manner. 

15 19. A method for protecting fenretinide from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of fenretinide from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
fenretinide to said polypeptide. 

20 21 . A method for delivering fenretinide to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

fenretinide covalently attached to said polypeptide. 

22. The method of claim 21 wherein fenretinide is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fenietinide is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

S 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalendy attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 



A composition comprising a polypeptide and fenretinide covaiently attached to 
the polypeptide. Also provided is a method for delivery of fenretinide to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
S fenretinide covaiently attached to the polypeptide. Also provided is a method for 
' protecting fenretinide from degradation comprising covaiently attaching it to a 
polypeptide. Also provided is a method for controlling release of fenretinide firom a 
composition comprising covaiently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FENTANYL AND 
METHODS OF MAKING AND USING SAME 

FffiLD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to fentanyl, as well as methods for 
protecting and administering fentanyl. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

to the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fentanyl is a known pharmaceutical agent that is used in the treatment of pain, ft 
15 is both commercially available and readily nuuiufactured using published synthetic 
schemes by those of ordinary skill in the art Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration, i^or instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such 3s prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
rcsorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme de^adati(m of the 
15 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfoitunately, may release the active agent 
in bursts with little actiVe agent available for sustained release. Furthermore, in some 
5 technologies, conUx)l of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-dnig conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
gaouna carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films Gcnown as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. . 
Particle size not only becomes a problem with injectable drags, as in the HAR 
application, but absorption through the brash-border membrane of the intestines is limited 
5 to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent (fentanyl) 
to a polymer of peptides or amino acids. The mvention is distinguished from the above- 
mentioned technologies by virtue of covalently attaching fentanyl to the N-terminus, the 

10 C-terminus or directly to the amino acid side chain of an oligopeptide or polypeptide, 
also referred to herein as a carrier peptide. In certain applications, the polypeptide will 
stabilize the active agent, primarily in the stonutt:h, through conformational protection. 
In these applications, delivery of the active agent is controlled, in part, by the kinetics of 
unfolding of the carrier peptide. Upon entry into the upper intestinal tract, indigenous 

15 enzymes release the active ingredient for absorption by the body by selectively 

hydrolyzing the peptide bonds of the carrier peptide. This enzymatic action introduces a 
second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising fentanyl microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and fentanyl 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Fentanyl preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxylic acid and is covalendy attached to the N-teiminus of the polypeptide. In 
another prefened embodiment, the active agent is an amine and is covalentiy attached to 
the C-tenninus of the polypeptide. In another preferred embodiment* the active agent is 
an alcohol and is covalentiy attached to the C-terminus of the polypeptide. In yet another 
5 preferred embodiment, the active agent is an alcohol and is covalentiy attached to the N- 
temiinus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting fentanyl from degradation 
comprising covalentiy attaching it to a polypeptide. 

The invention also provides a method for delivering fentanyl to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalentiy attached to the 
polypeptide. In a preferred embodiment, fentanyl is released from the composition by an 
enzyme-catalyzed release. In another preferred embodiment, fentanyl is released in a 
time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed release. 
25 In another preferred embodiment, the composition further comprises a 

microencapsulating agent and fentanyl is released from the composition by dissolution of 
the microencapsulating agent. In another preferred embodiment, fentanyl is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, fentanyl is released from the composition in a sustained release. 
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In yet another prefened embodiment, the composition further comprises an adjuvant 
covalentiy attached to the polypeptide and release of the adjuvant from the composition is 
controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 

5 The invention also provides a method for preparing a composition comprising a 

polypeptide and an active agent covalentiy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching fcntanyl to a side chain of an amino acid to form an active 
agent/amino acid complex; 
to (b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 

from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-caiboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repealed prior to step (c) with a 
15 second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fentanyl and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
20 transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether,, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
25 glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
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described in Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAmED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize fentanyl and prevent its digestion in the stomach. In addition, 
the pharmacologic effect can be prolonged by delayed release of fentanyl. Furthermore, 
active agents can be combined to produce synergistic effects. Also, absorption of the 
active agent in the intestinal tract can be enhanced. The invention also allows targeted 
delivery of active agents to specifics sites of action. 

10 The composition of the invention comprises fentanyl covalently attached to a 

polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 

15 more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary sUucture of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
tums. The protein's amino acid sequence and the structural constraints on the 
20 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary suiicture. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
25 are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
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protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

5 entropy and the hydrophobic effect Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 

10 bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
'"pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues ot hydrophobic core that has 

15 maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 

20 a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 

25 chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 
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Selection of the amino acids will depend on the physical properties desiied. For 
instance, if increase in bulk or iipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

5 Ionizing amino acids can be selected for pH controlled peptide unfolding. 

Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-K interactions between aromatic residues, kinking of the 
10 peptide chain by addition of proline, disulfide crosslinking and hydrogenrbonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. . 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
15 aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. Thisisparticularly usefulif a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 

20 active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in conceit with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 

25 carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 
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Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 

5 drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

10 controlled and, thus, active agent loadmg can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin B6 (Pyroxidine) 


169 


VaUne 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
15 stomach is important for the selected active agents, which were selected based on ease of 

covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
. molecular weight so that their condensation into a polypeptide is considered. For 

example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 

weight of 750 and aspirin would represent 24% of the total weight of the active agent 
20 delivery composition or over two limes the maximum drug loading for dcxtran. This is 

only for an N- or C- terminus application, for those active agents attached to pendant 
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groups of decaglutamic acid, for instance* a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 

5 polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the Oterminus is the preferred point of attachment m order 
to achieve a stable pieptide linked active agent. In both, the C- and N-terminus examples, 

10 the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformatc 

15 with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released £rom the 
peptide canier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covalently attached to Uie C-terminus of the peptide carrier. 

20 Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 

25 then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganmia ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 

30 polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
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maximum dnig loading of the earner peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
5 for other polypeptides containing functional side chains. Examples include^ but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these * 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
10 distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
15 the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to* the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 13- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

20 In the present invention, the active agent is covalently attached to the polypeptide 

via a linker. This linker may be a small molecule containing 2-6 carbons and one or more 
functional groups (such as amines, amides, alcohols, or acids) or may be made up of a 
short chain of either amino acids or carbohydrates. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
S the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance tiie bioavailability of the active a^nt. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into tiie lumen; glycorecognizers, which activate 
enzymes in tiie BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fentanyl conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N^temiinus coiuugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can.then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Aminc/Oterminus cot^jugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Coi^jugation 

IS In the following example the combination of the alcohol with triphosgene 

pnxiuces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably .protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsuifoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of Y-AlkyI Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the^dnig alcohol of choice. For example, a suspension of glutamic 
acid« the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone* filtered, 
dried and recrystallized from hot water. 

f AlkyI Glutamate/C-Terminus CoAjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature* the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl Glutamate-NCA 

Y-Alkyi glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent 

Preparation of Poly [y-Alkyi Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25. various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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What is claimed is: 

1. A phannaceutical composition comprising: 
a polypeptide; and 

5 fentanyl covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypepti(te is an oligopeptide* 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherem said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fentanyl is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 fuither comprising a pharmaceuticaily acceptable 
excipient. 

14. The conqx>sition of claim 1 wherein said composition is in the form of an 
ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said conq>osition is in die form of an 
oral suspension. 

17. The composition of claim 1 wherein fentanyl is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fentanyl from said composition in a pH-dependent manner. 

19. A method for protecting fentanyl from degradation comprising covalently 
attaching said active agent to a polypeptide. 

20. A method for controlling release of fentanyl from a composition wherein said 
composition comprises a polypeptide, said method comprising covalently attaching 
fentanyl to said polypeptide. 

21. A method for delivering fentanyl to a patient comprising administering to 
said patient a coniposition comprising: 

a polypeptide; and 

fentanyl covalently attached to said polypeptide. 

22. The method of claim 21 wherein fentanyl is released from said composition 
by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fentanyl is released from said composition 
by a pHnlependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and fentanyl covalently attached to the 
polypeptide. Also provided is a method for delivery of fentanyl to a patient comprising 
administering to the patient a composition comprising a polypeptide and fentanyl 
5 covalently attached to the polypeptide. Also provided is a method for protecting fentanyl 
from degradation comprising covalently attaching it to a polypeptide. Also provided is a 
method for controlling release of fentanyl from a composition comprising covalently 
attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FEXOFENADINE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to fexofenadine, as well as methods 
for protecting and administering fexofenadine. This novel compound, referred to as a 
CARRIERWAVE^ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical iharket, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fexofenadine is a known pharmaceutical agent that is used in the treatment of 
15 seasonal allergic rhinitis. Its chemical name is 4-[l-hydroxy-4-[4- 

(hydroxydiphenylmethyl)-l-piperidinyl]butyl]-alpha,alpha-4iinethylbenzeneaceti^ 
Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
20 accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
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compouad may contain one or more of the following: another active phannaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems arc often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 

5 systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 

10 reduce the number of dosages required which could improve patient con^liance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
15 cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

20 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another exanq>le, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 

25 through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
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sboitcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
5 microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

10 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-dnig conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

15 administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
ganmia carboxylate of polygiutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 

20 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 

25 active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
30 size of the active agent delivery system. Variable molecular weights have unpredictable 
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diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in die case of n^roxen-iinked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
5 Particle size not only becomes a problem with injectable drugs, as in the HAR 

application, but absorption through the bmsh-border membrane of the intestines is limited 
to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
10 (fexofenadine) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching fexofenadine to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
15 conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

20 Alternatively, the present invention provides a pharmaceutical composition 

comprising fexofenadine microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and fexofenadine 
covalenfly attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
25 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 
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Fexofenadine preferably is covalently attached to a side chain, the N-tenninus or 
the Oterminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
S the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
10 microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
IS an intravenous preparation or an oral suspension. The active agent can be 

conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting fexofenadine from 
20 degradation comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering fexofenadine to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, fexofenadine is released from the composition 
25 by an enzyme-catalyzed release. In another preferred embodiment, fexofenadine is 
released in a time-dependent manner based on the pharmacokinetics of the enzyme- 
catalyzed release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and fexofenadine is released from the composition by 
dissolution of the microencapsulating agent. In another preferred embodiment. 
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fexofenadine is released from the composition by a pH-dependent unfolding of the 
polypeptide. In another preferred embodiment, fexofenadine is released from the 
composition in a sustained release. In yet another preferred embodiment, the 
composition further comprises an adjuvant covalently attached to the polypeptide and 
5 release of the adjuvant from the composition is controlled by the polypeptide. The 
adjuvant can be microencapsulated into a carrier peptide-drug conjugate for biphasic 
release of active ingredients. 

The invention also provides a method for preparing a composition conq>rising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
10 comprises the steps of: 

(a) attaching fexofenadine to a side chain of an amino acid to font an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydiide (NCA) 
from the active agent/amino acid complex; and 

IS (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fexofenadine and a second active agent can be copolymerized in step (c). In 

20 another preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 
wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

25 cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 
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It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. PateAt Application Serial Number 09/642,820» filed August 22, 2000, 
5 incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
' the invention can stabilize fexofenadine and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of fexofenadine. 
10 Furthermore, active agents can be combined to produce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

Fexofenadine is the subject of U.S. Patent Numbers 4,254,129, 5,578,610, 
5,855,912, 5,932,247, and 6,037,353, herein incorporated by reference, which describes 
1 5 how to make that drug. 

The composition of the invention comprises fexofenadine covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
20 heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
25 turns. The protein's amino acid sequence and the structural constraints on the 

conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chams 
constitute the tertiary structure. 
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Proteins fold because of the dynanucs associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
S acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
10 der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
15 force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out" of the packed, hydrophobic protein ccne. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
20 maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
25 amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of ineversible chemical or conformation processes. 
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Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
5 decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
10 hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but wUl 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

IS Other factors such as k-k interactions between aromatic residues, kinking of the 

peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimuni amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

20 Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 

aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
25 profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
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kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
5 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 

10 drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

IS controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 



Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine ° 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin (Riboflavin) 


376 






Vitamin Dj 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
20 . stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
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molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
S only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-tenhinus, the C-terminus or the side chain of the oligopeptide or 

10 polypeptide. The location of attachment depends somewhat on the functional group 
selection. For mstance, if the active drug is a caiboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment If the active agent is an 
amme (e.g., ampicillin), then the C-termmus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-terminus examples, 

15 the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 

20 with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released firom the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the ganmia carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 

25 Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 

30 then undergo an intramolecular transamination reaction, thereby, releasing the active 
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agent with coincident formation of pyrogiutamic acid as shown in Fig. S. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
5 polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
10 for other polypeptides containing functional side chains. Examples include, but are hot 
limited to, polylysine, polyasparagine, polyarginine, polyscrine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
15 distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
20 the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

25 In the present invention, fexofenadine is covalently attached to the polypeptide 

via the carboxylic acid group. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymcrization of mixtures of amino acid N-carboxyanhydrides. 

12 
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Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
5 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
10 epitfaelia efTiciently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
IS transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own ' 
associated n^chanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
20 agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
25 catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

Preferably, the resultant peptide-fexofenadine conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 
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Compositions of the invention are, in essence, the fonnation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-tenninus coiyugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
5 O^C. The solution can then be treated with diisopropylcarbodiimide and 

hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be , 
stirred for several hours at room temperature* the urea by-product filtered off» the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

i. 

10 Amlne/C-terminiis coqjugatlon 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarlxxliimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
IS ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Coi^ugation 

In the following example the combination of the alcohol with triphosgene 
produceis a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
20 triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 
is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
25 other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
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hydroxysuccinimide. Exaiq>les of bases include pyrrolidinopyridine* 
dimethyiaminopyridine, triethylamine or tributylamine. 

Preparation of Y-AIkyl Glutamate 

There have been over 30 different y-aikyl glutamates prepared any one of which 
5 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyl Glutamate^C-Terminus Coqjugatian 

to The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 

The solution can then be treated with diisopropyicarbodiimide and hydroxybenzotriazole 
followed by the y-alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

15 Preparatf on of y-Alkyl Glutamate*NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

20 Preparation of Poly[Y-Alkyl Glutamate] 

Y- Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

25 Although illustrated and described above with reference to specific embodiments, 

the invention is nevertheless not intended to be limited to the details shown. Rather, 
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various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

L A pharmaceutical coixqK>sition comprising: 
a polypeptide; and 
5 fexofenadine covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymefof a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is' a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fexofenadine is covalendy attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

1 3. The composition of claim 1 ftirther comprising a phannaceutically acceptable 
excipient 

14. The composition of claim 1 wherein said composition is in the form of an 
ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
oral suspension. 

17. The composition of claim 1 wherein fexofenadine is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fexofenadine from said composition in a pH-Klependent manner. 

19. A method for protecting fexofenadine from degradation comprising 
covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of fexofenadine from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
fexofenadine to said polypeptide. 

21. A method for delivering fexofenadine to a patient comprising administering 
to said patient a composition comprising: 

a polypeptide; and 

fexofenadine covalently attached to said polypeptide. 

22. The method of claim 21 wherein fexofenadine is released from said 
composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fexofenadine is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherem said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition fiiither comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant . 
from said composition is controlled by said polypeptide. 



10 Abstract 

A composition comprising a polypeptide and fexofenadine covalently attached to 
the polypeptide. Also provided is a method for delivery of fexofenadine to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
fexofenadine covalently attached to the polypeptide. Also provided is a method for 
IS protecting fexofenadine from degradation comprising covalently attaching it to a 

polypeptide. Also provided is a method for controlling release of fexofenadine from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FILGRASTIM 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to filgrastim, as well as methods for 
protecting and administering filgrastim. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CM A), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical maricet, and combining it with a carrier compouitd that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Filgrastim is a known pharmaceutical agent that is used in the treatment of cancer» 
15 HIV infection, pneumonia, leukopenia and skin ulcer. Its chemical name is N-L- 
methionyl-colony-stimulating factor (human clone 1034). 

The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
20 product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
25 biologically active agent (active agent) to the appropriate target The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
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life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

S cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinoU surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 

10 degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
15 copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

20 Each of these technologies imparts enhanced stability and time-release properties 

to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 

25 is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
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unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

5 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

10 gamma caiboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial bydrolytic enzymes residing in the large intestines. The 

IS released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended tp be absorbed into the bloodstreaoL Yet another technology 
combines the advantages of covalent dmg attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid fihns (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

20 incoiporates the concept of attaching an active mgredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 

25 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the H AR 
application, but absorption through the brush-border membrane of the intestines is limited 

30 to less than S microns. 



3 



wo 03/034980 

3307 

SUMMARY OF THE INVENTTQN 

The present invention provides covalent attachment of the active agent 
(filgrastim) to a polymer of peptides or amino acids. The invention is distinguished from 
the above-mentioned technologies by virtue of covalently attaching filgrastim to the N- 

5 temiinus, the C*tenninus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

10 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the.carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising filgrastim microencapsulated by a polypeptide. 

15 The invention provides a composition comprising a polypeptide and filgrastim 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

20 heteropolymer of one or more naturally occurring anuno acids and one or more synthetic 
amino acids. 

Filgrastim preferably is covalentiy attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalentiy attached to the N-terminus of the polypeptide. In 
25 another preferred embodiment, the active agent is an amine and is covalentiy attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 



PCT/USOl/43089 
CW177P 



4 



wo 03/034980 



3308 



PCT/USOl/43089 
CW177P 



The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pbarmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
5 preferably activates an intestinal transpoiter 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationaliy protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
10 composition in a pH-dependent manner. 

The invention also provides a method for protecting filgrastim from degradation 
comprismg covalently attaching it to a polypeptide. 

The invention also provides a method for delivering filgrastim to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 

IS composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, filgrastim is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, filgrastim is released in a 
time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed release. 
Li another preferred embodiment, the composition further comprises a 

20 microencapsulating agent and filgrastim is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, filgrastim is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, filgrastim is released from the composition in a sustained release. 
In yet another preferred embodiment, the composition further comprises an adjuvant 

25 covalently attached to the polypeptide and release of the adjuvant from the composition is 
controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 
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The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching filgrastim to a side chain of an amino acid to form an active 
5 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

10 b a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, filgrastim and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

15 active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, aspara^e, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

20 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
25 The general applications of this invention to other active pharmaceutical agents is 

described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
30 the invention can stabilize filgrastim and prevent its digestion in the stomach. In 
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addition, the pharmacologic effect can be prolonged by delayed release of filgrastim. 
Furthermore* active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

5 Filgrastim is the subject of EP 237S4S B (1991X based on priority application US 

7689S9 (198SX herein incorporated by reference, which describes how to make diat drug. 

The composition of the invention comprises filgrastim covalently attached to a . 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
10 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
IS local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

20 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 

25 protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 
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The major forces contributing to the thennodynamics of protein folding are Van 
der Waais interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

5 and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out" of the packed, hydrophobic protein core. All of these forces combine and 

10 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
IS peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5- IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
20 at room temperature requires chemical reagents. In fact, partial unfolcUng of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
25 the protein's folded state and the thermodynamics associated with the agent's 

decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
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enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
5 ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as ic-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
10 the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
15 synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 

20 of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 

25 between the carrier peptide and the active agent. 

Dextran is die only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of dmg for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
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weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug al>sorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
5 membrane and so active agent release and subsequent absorption can occur in the 
( jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

10 TABLE 



Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


iSl 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspuin 


180 


Isoleudne 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covaient attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 

15 example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 7S0 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum dnig loading for dextran. This is 
only for an N- or C- terminus application, for those active a^nts attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

20 conceivably have a loading of 58%, although this may not be entirely practical. 
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The alcohol, amine or carboxylic acid group of an active agent may be covaientiy 
attached to the N-terminus, the C-tenninus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 

5 terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampiciUin), then the C*terRunus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-tenninus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 

10 piefeired point of attachment in order to achieve a stable conqx>sition. As in the example 
above where the alcohol, norethindrone, was covaientiy attached to > 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchlorofomuite 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 

1 5 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covaientiy attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 

20 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 

25 the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 

30 acid-NCA*s can be copolymerized with the ganuna ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 
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The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

5 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

10 alimentary tract can affect release. 

The active agent can be covalently attached to the N-tenninus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
15 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, filgrastim is covalently attached to the polypeptide via a 
peptide bond. 

The polypeptide carrier can be prepared using conventional techniques. A 
20 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
25 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 
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There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the niembrane transport system will involve some sort of specialized 

5 adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide* glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 

10 sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
15 particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant peptide-filgrastim conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-tenninus coiyugation 

25 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperanire, the urea by-product filtered off, the product 
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precipitated out in ether and purified using gel penneation chromatography (GPC) or 
dialysis. 

Amine/C-tenninus coiviugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopiopylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohoi/N-Terminus Conjugation 

10 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

IS is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
20 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydrox^uccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 

Preparation of y-Alkyi Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
25 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
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several hours. The Y-alkyl glutamate product can be precipitated out in acetone, filtered* 
dried and recrystallized from hot water. 

Y-AlkyI GIutamate/OTerminus Com'ugatlon 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
S The solution can then be treated with diisopropylcarbodiioiide and hydroxybenzotriazole 
followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature* the urea by-product filtered off* and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation (tfy-Alkyl GIutamate-NCA 

10 . Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 

the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product* 
which is filtered* dried and recrystallized from a suitable solvent 

Preparation of Ptoly[Y-AlkyI Glutamate] 

15 y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 

a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments* 
20 the invention is nevertheless not intended to be limited to the details shown. Rather* 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing fiom the spirit of the invention. 
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CLAIMS 

What is claimed is: 

L A pharmaceutical composition comprising: 
a polypeptide; and 
S filgrastim covaiently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteiopolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

IS 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein filgrastim is covaiently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG)* an amino acid, a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The compositioD of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13, The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said conqx>sition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
to oral suspension. 

17. Hie composition of claim 1 wherein filgrastim is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
filgrastim from said composition in a pH-dependent marmer. 

15 19. A method for protecting filgrastim from degradation comprising covalendy 

attaching said active agent to a polypeptide. 

20. A method for controlling release of filgrastim ftom a composition wherein 
said composition comprises a polypeptide, said method comprising covalendy attaching 
filgrastim to said polypeptide. 

20 21. A method for delivering filgrastim to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

filgrastim covalendy attached to said polypeptide. 

22. The method of claim 21 wherein filgrastim is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein filgrastim is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide .and filgrastim covaiently anached to the 
polypeptide* Also provided is a method for delivery of filgrastim to a patient comprising 
administering to the patient a composition comprising a polypeptide and filgrastim 
5 covaiently attached to the polypeptide. Also provided is a method for protecting 
filgrastim from degradation comprising covaiently attaching it to a polypeptide. Also 
provided is a method for controlling release of filgrastim from a composition comprising 
covaiently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FINASTERIDE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

S The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to finasteride, as well as methods for 
protecting and administering finasteride. This novel compound, referred to as a 
CARRDERWAVETM Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefuhiess of the pharmaceutical agent without compromising its phannaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Finasteride is a known pharmaceutical agent that is used in the treatment of 
IS cancer, benign prostate hypertrophy, alopecia and acne. Its chemical name is 

(5alpha,17beta)-N-(l.l-dimethylethyl)-3-oxo-4-azaandrost-l-ene-17-caib oxamide. Its 
stracture is: 





The novel pharmaceutical compound of the present invention is useful in 
20 accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
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compound may contain one or more of the following: another active phannaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 

5 systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 

10 reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of - 
15 cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

20 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 

25 through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
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shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may coiiq>licate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
S microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For exaniple, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. • 

10 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-dnig conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

15 administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
gamma carfooxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 

20 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 

25 active ingredient is attached to highly ordered lipid fihns (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administmtion. 

It is also important to control the molecular weight, molecular size and particle 
30 size of the active agent delivery system. Variable molecular weights have unpredictable 
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diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content whicli may present a problem with water labile active ingredients. 
5 Particle size not only becomes a problem with injectable drugs, as in the HAR 

application, but absorption through the brush-border membrane of the intestines is limited 
to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
10 (finasteride) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching finasteride to 
the N-terminus, the C-terminus or direcdy to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
15 conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfoldiiig of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

20 Alternatively, the present invention provides a pharmaceutical composition 

comprising finasteride microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and finasteride 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
25 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 
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Finasteride preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
S the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-tenninus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of tte invention can also include one or more of a 
10 microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
15 an intravenous preparation or an oral suspension. The active agent can be 

conformationally protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-^lependent manner. 

The invention also provides a method for protecting finasteride from degradation 
20 comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering finasteride to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, finasteride is released from the composition by 
25 an enzyme-catalyzed release. In another preferred embodiment, finasteride is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and finasteride is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, finasteride is released 
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fiom the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, finasteride is released from the composition in a sustained release. 
In yet another preferred embodiment, the composition further comprises an adjuvant 
covalently attached to the polypeptide and release of the adjuvant from the composition is 
5 controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a * 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 
10 (a) attaching finasteride to a side chain of an amino acid to form an active 

agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride 0**ICA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

15 (NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent When steps (a) and (b) are repeated prior to step (c) with a second 
agent, finasteride and a second active dgent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 

20 from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 

25 chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfliydryl, an amide, a urea, or an acid fimctionality. 

• 

It is to be understood that both the foregoing general description and the 
30 following detailed description are exemplary, but are not restrictive, of the invention. 



6 



wo 03/034980 



3329 



PCT/USOl/43089 
CW178P 



The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000. 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

( 5 The present invention provides several benefits for active agent delivery. First, 

( the invention can stabilize finasteride and prevent its digestion in the stomach. In 

addition, the pharmacoldgic effect can be prolonged by delayed release of finasteride. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
10 allows targeted delivery of active agents to specifics sites of action. 

Finasteride is the subject of U.S. Patent Numbers 5,377,584, 4,760,071, 
5,547,957. 5,571,817 and 5,886.184, herein incorporated by reference, which describes 
how to make that drug. 

The composition of the invention comprises finasteride covalently attached to a 
15 polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty namrally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or . 
more naturally occurring amino acids and one or more synthetic amino acids. 

20 Proteins, oligopeptides and polypeptides are polymers of amino acids that have 

primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the stmctural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 

25 folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
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are defined by the free energy of a particular condition of the protein that relies on a 
paiticular model* The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
5 protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect Considering protein stability, the hydrophobic effect 

10 refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 

IS ''pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

20 Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 

peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 

25 5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 
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Confonnational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynaniics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

5 Selection of the amino acids will depend on the physical properties desired. For 

instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
10 Aspartic acid, glutamic acid wd tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry uito the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-K interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
IS be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid« serine, threonine and cysteine) can be incorporated for attaching multiple 
20 active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular wei^t 
active agent delivery systems are preferred. An advantage of this invention is that chain 
25 length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
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carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent 

Dextran is the only polysaccharide known that has been explored as a 
5 macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally* it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
10 aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
15 lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active agqn^ 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Be (Pyioxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
20 molecular weight so that their condensation into a polypeptide is considered. For 

example, a decamer.of glycine (MW=S88) linked to aspirin would have a total molecular 
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weight of 750 and aspirin would represent 24% of the total weight of the active a^nt 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus sq)plication» for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
5 conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 

10 terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N*terminus is the 

15 preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an allcylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with ^ 
the N-tenninus of the peptide carrier. The active ingredient can be released from the 

20 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 

25 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 

30 the glutamic acid-drug dimer can be conv .*rted into the gamma ester of glutamic acid N- 
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carboxyanhydride. This intennediate can then be polymerized* as described above* using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
poiyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of dte earner peptide can be achieved. In addition* other amino 
5 acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery systenL 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to* polylysine, polyasparagine, polyarginine* polyserine* polycysteine* 

10 polytyrosine* polythieonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated* 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distmguished ftom the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively* the active agent can be 

IS attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
20 attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
diaikyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention* finasteride is covalently attached to the polypeptide via 
an amino group. 

25 The polypeptide carrier can be prepared using conventional techniques. A 

preferred technique is copolymerization of mixtures of amino acid N-carfooxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is impaiu^ by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid conq>lex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport systenn is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associatisd mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-finasteride conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of annides from acids 
and amines and can be prepared by the following examples. 
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Add/N-terminus coqjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
0°C. The solution can- then be treated with diisopropylcarbqdiimide and 
hydroxybenzotfiazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-temiiniis coiuugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to 0%. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Temiiniis Coiuugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room teniperature for several hours. The product 

20 is then precipitated out in ether. The cmde product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tctrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcaibodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparatfon of Y-AlkyI Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
( 5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtereid, 
dried and recrystallized from hot water. 

Y-AlkyI Glutaniate/C*Terminus Coiuugatlon 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxyb^nzotriazole 
10 followed by the y-alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Pk^paration of Y-Alkyl Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the nuxtuie becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Folyly-Alky! Glutamate] 

Y-Alkyl glutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated fiom the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A phannaceutical composition comprising: 
a polypeptide; and 

5 finasteride covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a hetetopolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein finasteride is covalently attached to a side 
chmti, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid» a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein finasteride is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fmasteride from said composition in a pH-dependent nuumer. 

15 19. A method for protecting finasteride from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of finasteride from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
finasteride to said polypeptide. 

20 21. A method for delivering fmasteride to a patient comprising administering to 

. said patient a composition comprising: 
a polypeptide; and 

fmasteride covalently attached to said polypeptide. 

22. The method of claim 21 wherein finasteride is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein finasteride is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and finasteride covalently attached to the 
polypeptide. Also provided is a method for delivery of finasteride to a patient comprising 
administering to the patient a composition comprising a polypeptide and finasteride 
5 covalently attached to the polypeptide. Also provided is a method for protecting 
finasteride from degradation comprising covalently attaching it to a polypeptide. Also 
provided is a method for controlling release of finasteride from a composition comprising . 
covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING 
FLECAINIDE ACETATE AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalently attached to flecainide acetate* as well ^ 
methods for protecting and administering flecainide acetate. This novel compound, 
referred to as a C ARRIERWAVE™ Molecular Analogue (CMA), has the benefit of 
taking a known effective pharmaceutical agent that is both well studied and occupies a 
known segment of the pharmaceutical market, and combining it with a carrier compound 
that enhances the usefulness of the pharmaceutical agent without compromising its 
pharmaceutical effectiveness. 

BACKGROUND OF THE INVENTION 

Flecainide acetate is a known pharmaceutical agent that is used in the treatment of 
arrythmia. Its chemical name is N-(2-piperidinylmethyl)-2,5-bis(2,2,2- 
trifluoroethoxy)benzamide. Its structure is: 



The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stonuu:h, will assure dosage reproducibility and periiaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerftil digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems ialso provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 . also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffiision into the 
microencapsulating mauix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, inay release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation imx:ess required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, lise has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

IS gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganmia carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active ^gent delivery system. Variable molecular weights have unpredictable 
diffusion rales and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
5 to less than 5 microns. 

r 

SUMMARY OF T^iE INVENTION 

The present invention provides covalent attachment of the active agent (flecainide 
acetate) to a polymer of peptides or amino acids. The invention is distinguished from the 
above-mentioned technologies by virtue of covalently attaching flecakiide acetate to the 

10 N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In certain ^plications, the 
polypeptide will stabilize the active agent, primarily in the stoinach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

IS upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanisntL 

Alternatively, the present invention provides a pharmaceutical composition 
comprising flecainide acetate microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and flecainide 

acetate covalently attached to the polypeptide. Preferably, the polypeptide is (i) an 
oligopeptide, (ii) a homopolymer of one of the twenty naturally occurring amino acids, 
(iii) a heteropolymcr of two or more naturally occurring amino acids, (iv) a homopolymer 
of a synthetic amino acid, (v) a heteropolymcr of two or more synthetic amino acids or 

25 (vi) a heteropolymer of one or more naturally occurring amino acids and one or more 
synthetic amino acids. 

Flecainide acetate preferably is covalently attached to a side chain, the N-terminus 
or the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxyiic acid and is covalently attached to the N-terminus of the polypeptide. In 
another piefened embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C*tenninus of the polypeptide. In yet another 
S preferred embodiment, the active agent is an alcohol and is covalently attached to the N* 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition^. Che adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active a^nt. In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting flecainide acetate from 
degradation comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering flecainide acetate to a patient, 
20 the patient being a human or a non-human animal, comprising administering to the 

patient a composition comprising a polypeptide and an active agent covalently attached to 
the polypeptide. In a preferred embodiment, flecainide acetate is released from the 
composition by an enzyme-catalyzed release. In another preferred embodiment, 
flecainide acetate is released in a time-dependent manner based on the pharmacokinetics 
25 of the enzyme-catalyzed release. In another preferred embodiment, the composition 
further comprises a microencapsulating agent and flecainide acetate is released from the 
composition by dissolution of the microencapsulating agent. In another preferred 
embodiment, flecainide acetate is released from the composition by a pH-dependent 
unfolding of the polypeptide. In another preferred embodiment, flecainide acetate is 
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released from the composition in a sustained release. In yet another preferred 
embodiment, the composition further comprises an adjuvant covalently attached to the 
polypeptide and release of the adjuvant from the composition is controlled by the 
polypeptide. The adjuvant can be microencapsulated into a carrier peptide-drug 
5 conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching flecaimde acetate to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

15 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, flecainide acetate and a second active agent can be copolymerized in step (c). In 
another preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

20 wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incoiporated herein by reference. 

DETAn RD nKSCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
S the invention can stabilize flecainide acetate and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of flecamide 
acetate. Furthermore, active agents can be combined to produce synergistic effects. 
Also, absorption of the active agent in the intestinal tract can be enhanced. The invention 
also allows targeted delivery of active agents to specifics sites of action. 

10 Flecainide acetate is the subject of U.S. Patent Number 4,642,384, herein 

incorporated by reference, which describes how to make that drug. 

The composition of the invention comprises flecainide acetate covalently attached 
to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of 
one of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oU drop and so the best 
model for determining' forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups ftom the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
''pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic coipe of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as tc-tc interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can ail 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond . 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 

5 Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the bnish*border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

15 TABLE 



Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitanun Bs (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B} (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MWsS88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug, loading for dextran. This is 
only for an or C- terminus application, for those active agents attached to pendant 
groups of decagiutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active dnig is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred pomt of attachment in order to achieve a stable composition. As in the exanq>le 

15 above where the alcohol, norethindrone, was covalently attached to 

poly(hydn>xypropylglutamine), an alcohol can be converted into an aikylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
poiyglutaniic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA^s can be copolymerized with the ganuna ester glutamic acid NCA to impart 
5 specific properties to the drug delivery system. 

( 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycystcine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior ait by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N*terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of ^ peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1^- 
20 dialkyl*3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, flecainide acetate is covalently attached to the 
polypeptide via the amino group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, aniino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficientiy via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-flecainide acetate conjugate is formulated into a 
tablet using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can^then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPQ or 
dialysis. 

Aminc/C-terminus coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Conjugation 

In the following example the combination of the alcohol with triphosgene 
produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. Tte product 
is then precipitated out in ether. The crude product is suitably deprotected and purified 
usmg GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsuifoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of Y*Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y>Alkyl Glutamate/C-Terminus Coiijugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of T^Alkyl GIutamate-NCA 

Y- Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Poly[Y-Alkyl Glutamate] 

Y- Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

ovemight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

L A pharmaceutical composition comprising: 
a polypeptide; and 
S flecainide acetate covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim I wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein flecainide acetate is covalently attached to 
a side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG)» an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein flecainide acetate is conformationally 
protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
flecainide acetate from said composition in a pH-dependent manner. 

IS 19. A method for protecting flecainide acetate firom degradation comprising 

covalently attaching said active agent to a polypeptide. * 

20. A method for controlling release of flecainide acetate from a composition 
wherein said composition comprises a polypeptide, said method comprising covalently 
attaching flecainide acetate to said polypeptide. 

20 2 1 . A method for delivering flecainide acetate to a patient comprising 

• administering to said patient a composition comprising: 
a polypeptide; and 

flecainide acetate covalentiy attached to said polypeptide. 

22. The method of claim 21 wherein flecainide acetate is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein flecainide acetate is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and flecainide acetate covaiently 
attached to the polypeptide. Also provided is a method for delivery of flecainide acetate 
to a patient comprising administering to the patient a composition comprising a 
S polypeptide and flecainide acetate covaiently attached to the polypeptide. Also provided 
is a method for protecting flecainide acetate from degradation comprising covaiently 
attaching it to a polypeptide. Also provided is a method for controlling release of 
flecainide acetate from a composition comprising covaiently attaching it to the 
polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FLUCONAZOLE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to fluconazole, as well as methods for 
protecting and administering fluconazole. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefiihiess of the pharmaceutical agent without compromising its ptuvmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fluconazole is a known pharmaceutical agent that is used in the treatment of 
15 fungal infections. Its chemical name is alpha-(2,4-difluorophenyl)-alpha-(lH-l,2,4- 
triazol-l-yUnethyl)-lH-l^,4-triazole-l-ethanol. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target The impoitance of these 
systems becomes magnified when patient compliance and active agent stability are taken, 
under consideration. !^or instance, one would expect patient conq[>liance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and periiaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
iO acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
15 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspaitic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little acfive agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficuh to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-dnig conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to tte 

IS gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalentiy 
attached directiy to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs* as in the HAR 
applicatioiu but absorption through the brush-border membrane of the intestines is limited 
S to less than 5 microns. 

SUMMARY OF THE INVENtlON 

The present invention provides covalent attachment of the active agent 
(fluconazole) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalendy attaching fluconazole to 
the N-terminus, the C-tenninus or directly to die amino acid side chain of an oligopeptide 
or polypeptide* also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising fluconazole microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and fluconazole 

covalcntly attached to the polypeptide. Preferably, the polypeptide is (iXan oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Fluconazole preferably is covalently attached to a side chain, the N-terminus or 
the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 

4 
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caiboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-tenninus of the polypeptide. In y^ another 
5 preferred embodiment* the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting fluconazole from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering fluconazole to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, fluconazole is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, fluconazole is released 
in a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and fluconazole is released from the composition by 
dissolution of the microencapsulating agent. In another preferred embodiment, 
fluconazole is released from the composition by a pH-dependent unfolding of the 
polypeptide. In another preferred embodiment, fluconazole is released from the 
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composition in a sustained release. In yet another preferred embodiment, the 
composition further comprises an adjuvant covalently attached to the polypeptide and 
release of the adjuvant from the composition is controlled by the polypeptide. The 
adjuvant can be microencapsulated into a carrier peptide-drug conjugate for biphasic 
5 release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching fluconazole to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

15 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fluconazole and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

20 active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
ainino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DFTAn DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize fluconazole and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of fluconazole. . 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Fluconazole is the subject of U.S. Patent Numbers 4,404,216 and 4,416,682, 

herein incorporated by reference, which describes how to make that drug. 

The composition of the invention comprises fluconazole covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues pacldng into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermpdynamics of protein folding are Van 

der Waals interactions, hycirogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intnunolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded stale. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 . often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent*s decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired; For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
S enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-% interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the fust order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the canier peptide and the active agent 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 

S Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur^ in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active a.eaA 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Bt (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MWsS88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 



10 



wo 03/034980 



3371 



PCT/USOl/43089 
CW180P 



delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application* for those active agents attached to.pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalendy 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a caiboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 

15 above where the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the ganmia carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
poiyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to impart 
5 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not ' 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, poiythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

IS alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fluconazole is covalently attached to the polypeptide via 
the hydroxyl group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolj^merization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stjU>ilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by nucroencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asynmietrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transpoited substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
23 , absorption of the peptides. 

Preferably, the resultant peptide-fluconazole conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazoie followed by the amine peptide carrier. The reaction can then be 
5 stiired for several hours at room temperature^ the urea by-produci filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Aiiiinc/C-teniiinii& conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room tenq)erature» the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Conjugation 

IS In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other^solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Ptepamtion of Y-AlkyI Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y*Alkyl Glutamate/C-Terminus Coiuugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of ^^Alkyl Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. ' 

Preparation of Polyty^Alkyl Glutamate] 

y-Alkyl glutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the mvention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A phannaceuticai composition comprising: 
a polypeptide; and 

S fluconazole covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

IS 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fluconazole is covalently attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

^ 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein fluconazole is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fluconazole from said composition in a pH-dependent manner. 

IS 19. A method for protecting fluconazole from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of fluconazole from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
fluconazole to said polypeptide. 

20 2 1 . A method for delivering fluconazole to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

fluconazole covalently attached to said polypeptide. 

22. The method of claim 21 wherein fluconazole is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fluconazole is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 



18 



wo 03/034980 



3379 



PCT/USOl/43089 
CW180P 



Abstract 

A composition comprising a polypeptide and fluconazole covalently attached to 
the polypeptide. Also provided is a method for delivery of fluconazole to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
S fluconazole covalently attached to the polypeptide. Also provided is a method for 
protecting fluconazole from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of fluconazole from a 
composition con4>ri^ing covalendy attaching it to the polypeptide. 



19 



wo 03/034980 



3380 



PCT/USOl/43089 



CW181P 

A NOVEL PHARMACEUTICAL COMPOUND CONTAINING 
FLUDROCORTISONE AND METHODS OF MAKING AND USING SAME 

FffiLD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to fludrocortisone, as well as methods 
for protecting and administering fludrocortisone. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fludrocortisone is a known pharmaceutical agent that is used in the treatment of 
15 epilepsy. Its chemical name is 5,5-diphenyl-3-[(phosphonooxy)methyl]-2.4- 
imidazolidinedion. Its structure is: 



o 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharm^utical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
3 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerftil digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencs^ulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric^oatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on division out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norclhindrone, via a hydroxypropyl spacer, to the 

15 gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 



3 



wo 03/034980 



3383 



PCT/USOl/43089 



CWI81P 

the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the bnish*border membrane of the intestines is limited 
5 to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(fludrocortisone) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching fludrocortisone 

to to the N-terminus, the C-terminus or directly to the amino acid side chain of an 
oligopeptide or polypeptide, also referred to herein as a carrier peptide. In certain 
applications, the polypeptide will stabilize the active agents primarily in the stomach, 
through conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tracts indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising fludrocortisone microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and 

fludrocortisone covalently attached to the polypeptide. Preferably, the polypeptide is (i) 
an oligopeptide, (ii) a homopolymer of one of the twenty naturally occurring amino acids, 
(iii) a heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer 
of a synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or 

25 (vi) a heteropolymer of one or more naturally occurring amino acids and one or more 
synthetic amino acids. 

Fludrocoitisone preferably is covalently attached to a side chain, the N-termifius 
or the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxylic acid and is covaiently attached to the N-tenninus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covaiently attached to 
the C-terminus of the polypeptide. In another preferred embodiment* the active agent is 
an alcohol and is covaiently attached to the C-terminus of the polypeptide. In yet another 
S preferred embodiment, the active agent is an alcohol and is covaiently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating a^nt, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is Included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
IS another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting fludrocortisone from 
degradation comprising covaiently attaching it to a polypeptide. 

The invention also provides a method for delivering fludrocortisone to a patient, 
20 the patient being a human or a non-human animal, comprising administering to the 

patient a composition comprising a polypeptide and an active agent covaiently attached to 
the polypeptide. In a preferred embodiment, fludrocortisone is released from the 
composition by an enzyme-catalyzed release. In another preferred embodiment, 
fludrocortisone is released in a time-dependent manner based on the pharmacokinetics of 
25 the enzyme-catalyzed release. In another preferred embodiment, the composition further 
comprises a microencapsulating agent and fludrocortisone is released from the 
composition by dissolution of the microencapsulating agent. In another preferred 
embodiment, fludrocortisone is released from the composition by a pH-dependent 
unfolding of the polypeptide. In another preferred embodiment, fludrocortisone is 
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released from the composition in a sustained release. In yet another preferred 
embodiment, the composition further comprises an adjuvant covalently attached to the 
polypeptide and release of the adjuvant from the composition is controlled by the 
polypeptide. The adjuvant can be microencapsulated into a carrier peptide-drug 
5 conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching fludrocortisone to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N<aiboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-caiboxyanhydride 

(NCA). 

15 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fludrocortisone and a second active agent can be copolymerized in step (c). In 
another preferred embodiment, the amino acid is glutamic acid and the active a^nt is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

20 wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642^20, filed August 22, 2000, 
incorporated herein by reference. 

DETAn ED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize fludrocortisone and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of 
fludrocortisone. Furthermore, active agents can be combined to produce synergistic 
effects. Also, absorption of the active agent in the intestinal tract can be enhanced. The 

invention also allows targeted delivery of active agents to specifics sites of action. 

.* 

10 Fludrocortisone is the subject of U.S. Patent Number 4,260 J69 (198i), and EP 

473687 B (1996), based on priority ^pUcation US 356948 (1989), teiein incorporated 
by reference, which describes how to make that drug. 

The composition of the invention comprises fludrocortisone covalently attached 
to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of 
15 one of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a het^polymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
20 primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
25 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
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particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside th^ 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
5 model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

to and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydro^n bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
""pushed out" of the packed, hydrophobic protein core. All of these forces combine and 

15 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
20 peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
25 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 
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Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

5 Selection of the amino acids will depend on the physical properties desired. For 

instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other . 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
10 Aspartic acid, glutamic acid and tyrosine cany a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amuio acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-K interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
15 be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing tiie secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine^ 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
20 active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
25 length and molecular weight of the polypeptide can be optimized depending on tfie level 
of conformational protection desired. This property can be optimized in concert witii die 
kinetics of the first order release mechanism. Thus, another advantage of diis invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
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carrier polypeptide. Another* significant advantage of the invention is that the kinetics of 
active agent release is primarily controUed by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Ctextran is the only polysaccharide known that has been explored as a 
5 macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
10 aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
15 lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 



Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
20 molecular weight so that their condensation into a polypeptide is considered. For 

example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 

10 
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weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
5 conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection- For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with ph(^gene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
25 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
30 the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
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carboxyanhydride. This intennediate can then be polynaerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
5 acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to in^Mut 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 

10 polytyrosine, polythreonine and polyglutamine.. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 

IS attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-tenninus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
20 attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1 ,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there arc 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fludrocortisone is covalently attached to the polypeptide 
via the phosphate group. 

25 The polypeptide carrier can be prepared using conventional techniques. A 

preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydridcs. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide farther. StabUizers such as sugar, amino acids, polyethylene glycol (PEQ) 
and salts have been shoiyn to prevent protein unfolding. In another embodiment of the 
invention, a pre*fiist oider release of the active agent is imparted by microencapsulating 
S the canrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

Theie is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some soit of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. SuiUble 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
2S absorption of the peptides. 

Preferably, the resultant peptide-fludrocortisone conjugate is formulated into a 
tablet using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Add/N-terminus coqjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can-then be treated with diisopropylcarbodiimide and 
hydroxybenzotiiazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off* the product . 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent The reaction can then be stiiied for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Temiinus Coi^ugation 

In the following example the combination of the alcohol with triphosgene 
produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 
is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine* 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for th^ drag alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y^AIkyl Glutamate/C-Termlnus Conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to 0 C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be Stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl Glutamate-NCA 

y^Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
1 s the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Poly [y-Alkyl Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

S fludrocortisone covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim i wherein said polypeptide ii a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fludrocortisone is covalently attached to a 
side chain, the N-terminus or die C-terminus of said polypeptide. 

9. Tte composition of claim 1 further comprising a microencapsulating a^nL 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transpoiier. 

1 3. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

S 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said coinposition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein fludrocortisone is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fludrocortisone from said composition in a pH-dependent manner. 

15 19. A method for protecting fludrocortisone from degradation comprising 

covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of fludrocortisone from a composition 
wherein said composition comprises a polypeptide, said method comprising covalently 
attaching fludrocortisone to said polypeptide. 

20 2 1 . A method for delivering fludrocortisone to a patient comprising administering 

to said patient a composition comprising: 
a polypeptide; and 

fludrocortisone covalently attached to said polypeptide. 

22. The method of claim 21 wherein fludrocortisone is released from said 
25 composition by an enzyme-catalyzed release. 

17 
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23. The method of claim 21 wherein fludrocortisone is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 2S. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is conut>ll6d by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and fludrocortisone covalently attached 
to the polypeptide. Also provided is a method for delivery of fludrocortisone to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 fludrocortisone covalently attached to the polypeptide. Also provided is a method for 
protecting fludrocortisone from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of fludrocortisoiw from a 
composition comprising covalendy attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FLUMAZENIL 
AND METHODS OF MAKING AND USING SAME 

FTFLD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to flumazenU, as well as methods for 
protecting and administering flumazenil. This novel compound, referred to as a 
CARRERWAVE™ Molecular Analogue (CMA). has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

Ft ArKGRQUND OF THE INVENTION 

Flumazenil is a known pharmaceutical agent that is used in the treatment of 
15 depression and liver disease. Its chemical name is 8-fluoro-5,6-dihydro-5-mcthyl-6-oxo- 
4H-imidazo[l,5-a][l,41benzodiazepine-3-carboxylic acid ethyl ester. Its structure is: 



o 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 maricedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhs^s even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerftil digestive enzymes in the GI tract, permeability of 
cellular membranes and tfanspoit across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
15 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incoq)oration of the active agent is often dependent on difftision into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix* which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with litde active agent available for sustained release. Furthermore, in some 
S technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technolo^es typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

15 ganuna caiboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganrnia carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodmg formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestmes. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
5 to less than S microns. 

' SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(flumazenil) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching flumazenil to 

10 the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising flumazenil microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and flumazenil 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Flumazenil preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxylic acid and is covalendy attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
5 pieferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencs^sulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting flumazenil from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering flumazenil to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, flumazenil is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, flumazenil is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition further comprises a 

microencapsulating agent and flumazenil is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, flumazenil is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, flumazenil is released from the composition in a sustained 
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release. In yet another preferred embodiment, the conqwsition further comprises an 
adjuvant covalently attached to the polypeptide and release of the adjuvant from the 
composition is controlled by the polypeptide. The adjuvant can be microencapsulated 
into a carrier peptide-drug conjugate for biphasic release of active ingredients. 

5 The invention also provides a method for preparing a composition comprising a 

polypeptide and an active agent covalendy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching flumazenil to a side chain of an amino acid to form an active 
agent/amino acid complex; 
10 (b) forming an active agent/amino acid complex N-carboxyanhydridc (NCA) 

from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) arc repeated prior to step (c) with a 
15 second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, flumazenil and a second active agent can be copolymerized in step (c). In another 
prefenred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
20 transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine* lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
25 glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize flumazenil and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of flumazenil. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced*. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Rumazenil is the subject of U.S. Patent Number 4,316,839, herein incorporated 

by reference, which describes how to make that drug. 

The composition of the invention comprises flumazenil covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopoiymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 namrally occurring amino acids, (iv) a homopoiymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining'forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds arc established during tte protein fold process and intramolecular 
bonds arc formed at the expense of hydrogen bonds with water. Water molecules arc 
'"pushed out" of the packed, hydrophobic protein corc. All of these forces combine and 
contribute to the overall stability of the folded protein wherc the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the dnig can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
- at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical propeities desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid» glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as tc-tc interactions between aromatic residues, kinking of the 
peptide chaui by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
15 important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this Invention is that cbsun 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 

5 Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active asent 


. MW 


Glycine 


57 


Acetaminophen 


ISt 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin- C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 



10 



wo 03/034980 



3409 



PCT/USOl/43089 



CW182P 

delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 1 80 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covaiently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable conq>osition. As in the example 

IS above where the alcohol, norethindrone, was covalendy attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 

and then this conjugate covaiently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5, Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the ganuna ester glutamic acid NCA to impart 
S specific properties to the drug delivery system. 

^ The invention also provides a method of imparting the same mechanism of action 

for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine. 
polytyrosine, polythiconine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of Unking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, the active agent is covalently attached ib the polypeptide 
via a linker. This linker may be a small molecule containing 2-6 carbons and one or more 
functional groups (such as amines, amides, alcohols, or acids) or may be made up of a 
25 short chain of either amino acids or carbohydrates. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention* a pre-first oider release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transpoiteis. The entire membrane transport system is 
intrinsically asymmetric and responds asynunetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-flumazenil conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus coi^ugatton 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiiniide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amlne/C-terminus conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiiniide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N*Terniiniis Conjugation 

IS In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
otiier solvents include dimethylsulfoxide. ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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PFeparation of Y*Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for th^ drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The Y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-AlkyI Glutamate/C-Terminus Conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y^ Alkyl Glutamate-NC A 

y- Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
1 s the nuxture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of PolyCy^Alkyl Glutamate] 

y- Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 flumazenil covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein flumazenil is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim I further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG)» an amino acid, a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim i 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said con^position is. in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein flumazenil is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is csq)able of releasing 
flumazenil from said composition in a pH-dependent manner. 

IS 19. A method for protecting flumazenil from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of flumazenil from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
flumazenil to said polypeptide. 

20 2 1. A method for delivering flumazenil to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

flumazenil covalently attached to said polypeptide. 

22. The method of claim 21 wherein flumazenil is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein flumazenil is released from s^d 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and flumazenii covalently attached to 
the polypeptide. Also provided is a method for delivery of flumazenii to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 flumazenii covalently attached to the polypeptide. Also provided is a method for 
protecting flumazenii from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of flumazenii from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FLUOXETINE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covaiently attached to fluoxetine, as well as methods for 
protecting and administering fluoxetine. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA). has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical niarket, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fluoxetine is a known pharmaceutical agent that is used in the treatment of 
15 depression. Its chemical name is (N-methyl 3-(p-trifluoromethylphenoxy)-3- 
phenylpropylamine. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 



I 



wo 03/014980 



PCT/USOl/43089 



3419 

CW183P 

Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
S markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhq>s even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bUayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance penneability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 • also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on difiusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubiUty of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release tiie 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant ^ups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between tiic amino acid pendant group and the active 
agent. The peptidc-drug conjugates of this class of drug delivery system rely on enzymes 
in tiic bloodstream for Uie release of tiie drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to Uie 

15 gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalendy 
attached directiy to tfie beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into tiie bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid fihns (known as HARs) via a peptide 
linker. Thus, tiierc has been no drug delivery system, heretofore reported, that 

25 incorporates tiie concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight caniers are digested slowly 
30 or late, as in the case of naproxen-linked dexiran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
5 to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(fluoxetine) to a polymer of peptides or amino acids. The invention is distinguished from 
the above-mentioned technologies by virtue of covalently attaching fluoxetine to the N- 

10 terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanisnL 

Alternatively, the present invention provides a pharmaceutical composition 
comprising fluoxetine microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and fluoxetine 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Fluoxetine preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxylic acid and is covalently attached to the N-temiinus of the polypeptide. In 
another prefened embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another prefened embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
5 pieferred embodiment, die active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceuticaiiy acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent numner. 

The invention also provides a method for protecting fluoxetine from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering fluoxetine to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, fluoxetine is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, fluoxetine is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition further comprises a 

microencapsulating agent and fluoxetine is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, fluoxetine is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, fluoxetine is released from the composition in a sustained release. 
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In yet another preferred embodiment, the conq)osition further comprises an adjuvant 
covalently attached to the polypeptide and release of the adjuvant from the composition is 
controlled by the polypeptide. The adjuvant can be microencq)sulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 

5 The invention also provides a method for preparing a composition comprising a 

polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching fluoxetine to a side chain of an amino acid to form an active 
agent/amino acid complex; 
10 (b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 

from the active agent/amino 2cid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
15 second active agent. When steps (a) and (b) are repeated prior to step (c) with a second . 
agent, fluoxetine and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
20 transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected firom the group consisting of aspartic acid, argmine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
25 glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description arc exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642.820. filed August 22. 2000, 
incorporated herein by reference. 

HPT A n F D DESCRIPTION OF INVE^mON 

The present invention provides several benefits for active agent delivery. First. 
5 the invention can stabilize fluoxetine and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of fluoxetine. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Fluoxetine is the subject of U.S. Patent Number 4,329,356. herein incorporated by 

reference, which describes how to make that drug. 

The composition of the invention comprises fluoxetine covalently attached to a 
polypeptide. Preferably, die polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

S The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protem interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out'' of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decon^x>sition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
S enriched in the amino acids in the table provided below. Polar amino acids, on the other 
^ hand, can be selected to increase the hydiophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, ariiino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release lime can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon uad 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 

Active agent 



Amino acid 

Glycine 

Alanine 

Valine 

Leucine 

Isoleucine 

Phenylalanine 

Tyrosine 



MW 

57 

71 

99 

113 

113 

147 

163 



MW 



Acetaminophen 

Vitamin Be (Pyroxidine) 

Vitamin C (Ascorbic acid) 

Aspirin 

Ibuprofen 

Retinoic acid 

Vitamin B2 (Riboflavin) 

Vitamin D2 

Vitamin E (Tocopherol) 



151 

169 

176 

180 

206 

300 

376 

397 

431 



Lipophilic amino acids arc preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on case of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide w 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the 
terminus of the oligopeptide is the prefened point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
prefened pouit of attachment in order to achieve a stable composition. As in the example 

IS above wheie the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polygiutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NC A*s can be copolymerized with the gamma ester glutamic acid NCA to impart 
5 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not ' 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinlc acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fluoxetine is covalently attached to the polypeptide via 
the amino group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired; a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

Theie is evidence that hydrophilic conqx>unds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asynmietrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated n^chanism of transport The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an odierwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fluoxetine conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Add/N-tenninus coiyugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can* then be treated with diisopropylcaibodiimide and 
hydroxybenzotriazole followed by the aniine peptide carrier. The reaction can then be 
5 stined for several hours at room temperature, the urea by-product filtered off» the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coiyugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to CPC. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Tenninus Coi^ugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyi chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, . 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparatioii of Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-AlkyI Glutaoiate/C-Tenninus Coigugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to 0 C. 
The solution can then be treated with diisopropylcaibodiunide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y- Alkyl Glutamate-NC A 

y-Alkyl glutamate can be suspended in dry THF where triphos^ne is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Poiy[y-Alkyl Glutamate] 

y-Alkyl giutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 



15 



wo 03/034980 



3433 



PCT/USOl/43089 
CW183P 



CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

S fluoxetine covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopdlymer of a 
naturally occurring amino acid. 

. 4. The composition of claim 1 wherein said polypeptide is a hctcropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 . 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fluoxetine is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

^5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein fluoxetine is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fluoxetine from said composition in a pH-dependent maimer. 

15 19. A method for protecting fluoxetine from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of fluoxetine from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
fluoxetine to said polypeptide. 

20 21. A method for delivering fluoxetine to a patient comprising administering to 

• said patient a composition comprising: 
a polypeptide; and 

fluoxetine covalently attached to said polypeptide. 

22. The method of claim 21 wherein fluoxetine is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fluoxetine is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active a^nt is released from said 
composition in a sustained release. 

25. The method of claim 21 wherein said composition further comprises an 
adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and fluoxetine covalently attached to the 
polypeptide. Also provided is a method for delivery of fluoxetine to a patient comprising 
administering to the patient a composition comprising a polypeptide and fluoxetine 
5 covalently attached to the polypeptide. Also provided is a method for protecting 
fluoxetine from degradation comprising covalently attaching it to a polypeptide. Also 
provided is a method for controlling release of fluoxetine from a composition comprising 
covalendy attaching it to the polypeptide. 



» 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FLUTAMIDE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalentf y attached to flutamidc. as well as methods for 
protecting and administering flutamide. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical maricet, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Flutamide is a known pharmaceutical agent that is used in the treatment of 
15 prostate cancer. It is both commercially available and readily manufactured using 
published synthetic schemes by those of ordinary skill in the art. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/ceil type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant,* or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration- For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
Uposomes or polysaccharides have been effective in abating enzyme degradation of the 
15 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
ammo acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated dnigs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxy(mpyl spacer, to the 

IS gamma carboxylate of polyglutamic acid; and linking of nitrogen nmstard, via a peptide 
spacer, to the ganrnia carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaispartic acid without a spacer group. 
This prodryg formulation was designed as a colon-specific drug delivery system where 
the dnig is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not mtended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid fihns (known as HARs) via a peptide 
linker. Thus, there has been no dmg delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
5 to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(flutamide) to a polymer of peptides or amino acids. The invention is distinguished from 
the above-mentioned technologies by virtue of covalcntly attaching flutamide to the N- 

10 terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action inUwiuces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising flutamide microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and flutamide 

covalenUy attached to the polypeptide. Preferably, the polypeptide is (i). an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Flutamide preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide, hi a preferred embodiment, the active agent is a 
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carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
the Otemiinus of the polypeptide. In another preferred embodiment^ the active agent is 
an alcohol and is covalently attached to the C*tenninu$ of the polypeptide. In yet another 
S preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition* the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active ag^nt can be 
conformationally protected by folding of the polypeptide about the active agent In 
IS another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting flutamide from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering flutamide to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, flutamide is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, flutamide is released in a 
time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed release. 
25 In another preferred embodiment, the composition further comprises a 

microencapsulating agent and flutamide is released from the composition by dissolution 
of the microencapsulating agent In another preferred embodiment, flutamide is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, flutamide is released from the composition in a sustained release. 
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In yet another preferred embodiment, the con^KJsition further comprises an adjuvant 
covalently attached to the polypeptide and release of the adjuvant from the composition is 
controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 

5 The invention also provides a method for preparing a composition comprising a 

polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching flutamide to a side chain of an amino acid to form an active 
agent/amino acid complex; 
10 (b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 

from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-caiboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) arc repeated prior to step (c) with a 
15 second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, flutamide and a second active agent can be copolymerized in step (c). In another 
piefened embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
20 transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from die group consisting of aspartic acid, arginine, asparagine, 
c^teine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
25 glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

nPTAn RD DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize flutamide and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of flutamide. 
Furtbermoie, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 The composition of the invention comprises flutamide covalently attached to a 

polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 

15 more naturally occurring amino acids and one ot more synthetic amino acids. 

Protcms, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of tiie polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on tiie 
20 conformations of the chain determine the spatial airangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of tiie side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
25 are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
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protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forcds contributing to the thermodynamics of protein folding are Van 
dpr Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

5 entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds arc established during the protein fold process and intramolecular 

10 bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
^•pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overaU stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 

15 maximum shielding from solvent. 

Since it is Utely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 

20 a destabUization of a protein. TypicaUy, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 

25 * chemical reactions. 

Conformational protection of active agents by proteins depends on the stability ol 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 
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Selection of the amino acids will depend on the physical propeities desiied. For 
instance, if increase in bulk or lipophilicity is desiied, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

5 lonizmg amino acids can be selected for pH controlled peptide imfolding. 

Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversdy, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
to peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary stmctures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
15 aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particulariy useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 

20 active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 

25 carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 
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10 



Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 



Amino acid MW 



Glycine 

Alanine 

Valine 

Leucine 

Isoleucine 

Phenylalanine 

Tyrosine 



57 

71 

99 

113 

113 

147 

163 



Active? agent 

Acetaminophen 

Vitamin 85 (Pyroxidine) 

Vitamin C (Ascorbic acid) 

Aspirin 

Ibuprofen 

Retinoic acid 

Vitamin B2 (Riboflavin) 

Vitamin Dz 

Vitamin E (Tocopherol) 



MW 

151 
169 
176 
180 
206 
300 
376 
397 
431 



Lipophilic amino acids are preferred because conformational protection through the 
15 stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
20 delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
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groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-tenninus, the C-tenninus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment If the active agent is ah 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-tenninus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide canier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4, The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
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maximum dnig loading of the cairier peptide can be achieved. In addition, other amino 
acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
5 for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreoninc and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
10 distinguished from the prior ait by virtue of the fact that the primary release of die drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attach^ directly to the pendant grpup where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
15 the side chain of the polypeptide using known techniques. Examples of linking organic 
cooqxNinds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

20 In the present invention, flutamide is covalentiy attached to the polypeptide via 

the amino group. 

The polypeptide cairier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
25 can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
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invention, a pre-fiist order release of the active agent is imparted by microencs^ulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophiiic compounds are absorbed through the intestinal 
5 epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynmietric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized * 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
10 transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting tiie 
mechanisms for intestinal epittielial transport systems to facilitate absorption of active 
15 agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing Uie 
20 catalytic domain of aminopepudase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

Prefi^ly, tiie resultant peptide-flutamide conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

25 Compositions of the invention are, in essence, the formation of amides from acids 

and amines and can be prepared by the following examples. 



13 



wo 03/034980 PCT/U SO 1/43089 

3450 

CW184P 

Acid/N-terminus conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcaibodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature^ the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPQ or 
dialysis. 

Amine/C-termlnus. conjugation 

The peptide carrier can be dissolved in DNfF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

AlcohoVN-Tennlnus Conjugation 

IS In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chl<mnated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyriditie, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y- Alky I Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
S several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried anid recrystallized from hot water. 

T^Alkyl Glutamate/C-Tenninus Coiyugatlon 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to 0 C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y^aikyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out m ether and purified using GPC or dialysis. 

Preparation of 'fAlkyl Glutamate-NC A 

7-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent • 

Preparation of Poly[Y-Alkyl Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 flutamide covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wterein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids* 

8. The composition of claim 1 wherein flutamide is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein flutamide is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is citable of releasing 
flutamide firom said composition in a pH-dependent manner. 

15 19. A method for protecting flutamide from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of flutamide from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
flutamide to said polypeptide. 

20 2 1 . A method for delivering flutamide to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

flutamide covalently attached to said polypeptide. 

22. The method of claim 21 wherein flutamide is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein flutamide is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and flutamide covalently attached to the 
polypeptide. Also provided is a method for delivery of flutamide to a patient comprising 
administering to the patient a composition comprising a polypeptide and flutamide 
5 covalently attached to the polypeptide. Also provided is a method for protecting 
flutamide from degradation comprising covalently attaching it to a polypeptide. Also 
provided is a method for controlling release of flutamide from a composition comprising 
covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FLUVASTATIN 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTIGN 

5 The present invention relates to a novel phamiaceutical compound that comprises 

a polypeptide that is preferably covalendy attached to fluvastatin, as well as methods for 
protecting and adnunistering fluvastatin. This novel compound, referred to as a 
C ARRIERW A VETM Molecular Analogue (CMA). has the beiiefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

to the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fluvastatin is a known pharmaceutical agent that is used in the treatment of 
15 hyperlipidemia. Its chemical name is (3R,5S,6E)-rel-7-[3-(4-fluorophenyl>'Ml- 
methylethyl)-lH-indol-2-yl]-3,S-dihydroxy*6-heptenoic acid. Its structure is: 




The novel pharmaceutical compound of the present invention is usefiil in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 
. product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
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compound may contain one or more of the following: another active phannaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. Tte inqwrtance of these 

5 systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
maricedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 

10 reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
15 cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

20 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A^ide range of pharmaceuticals purportedly provide sustained release 

25 through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
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shoitcomings. Incorporation of the active agent is often dependent on diffusion into the 
microenc^sulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
S microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

10 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

15 admmistration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
ganuna carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 

20 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 

25 active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, diere has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
30 size of the active agent delivery system. Variable molecular weights have unpredictable 
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diffusion rates and pharmacokinetics. High molecular weight carriers are dig^ted slowly 
or late, as in the case of n£q>roxen-linked dextran» which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
5 Particle size not only becomes a problem with injectable drugs, as in the H AR 

application, but absorption through the bnish-border membrane of the intestines is limited 
to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
10 (fluvastatin) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching ifluvastatin to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
IS conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

20 Alternatively, the present invention provides a pharmaceutical composition 

comprising fluvastatin microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and fluvastatin 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
25 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 
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Fluvastatin preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another prefened embodiment, the active agent is an amine and is covalently attached to 
5 the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
prefened embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
10 microenc^sulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
IS an intravenous preparation or an oral suspension. The active agent can be 

conformationally protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent numner. 

The invention also provides a method for protecting fluvastatin from degradation 
20 comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering fluvastatin to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, fluvastatin is released from the composition by 
25 an enzyme-catalyzed release. In another preferred embodiment, fluvastatin is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and fluvastatin is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, fluvastatin is released 
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from the composition by a pH-dependent unfolding of the polypeptide. In another 
prefened embodiment, fluvastatin is released from the composition in a sustained release. 
In yet another preferred embodiment, the composition further comprises an adjuvant 
covaientiy attached to the polypeptide and release of the adjuvant from the composition is 
5 controlled by die polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-dnig conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition conq)rising a - 
polypeptide and an active agent covaientiy attached to the polypeptide. The method 
comprises the steps of: 
10 (a) attaching fluvastatin to a side chain of an amino acid to form an active 

agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-caiboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-caiboxyanhydride 

15 (NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fluvastatin and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 

20 from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 

25 chain of the amino acid to form an amide, a thioester, an ester, an ether, a uretiiane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid witii a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
30 following detailed description aro exemplary, but are not restrictive, of the invention. 
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The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESC RIPTION OF INVENTION 

5 The present invention provides several benefits for active agent delivery. First, 

the invention can stabilize fluvastatin and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of fluvastatin. 
FurUiermcre, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 

10 allows targeted delivery of active agents to specifics sites of action. 

Fluvastatin is the subject of U.S. Patent Number 5,354,772, herein incorporated 
' by reference, which describes how to make tiiat drug. 

The composition of the invention comprises fluvastatin covalentiy attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
15 of tfic twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of anuno acids tiiat have 
20 primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
25 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein foldmg and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
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particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
5 model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

10 and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
'^pushed out'' of the packed, hydrophobic protein core. All of these forces combine and 

15 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drags would reside in the hydrophobic core of a 

20 peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless* protein unfolding at neutral pH and 

25 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 
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Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

5 Selection of the amino acids will depend on the physical properties desired. For 

mstance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in die amino acids in the table provided below. Polar amino acids, on die other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
10 Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon enUy into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neuural in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinkmg of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
15 be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be nuudmized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
20 active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this mvention is that chain 
25 length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
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carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent 

Dextran is the only polysaccharide known that has been explored as a 
5 macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
10 aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
15 lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 



Aoiinoacid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


AUmine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocoi^erol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
20 molecular weight so that their condensation into a polypeptide is considered. For 

example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
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weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery conq)osition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
S conceivably have a loading of 58%, although this may not be entirely practical. 

^ The alcohol, amine or carboxylic acid group of an active agent may be covalenfly 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 

10 terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent^ In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 

15 preferredpointof attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene, lliis invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 

20 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 

25 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 

30 the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
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caiboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
5 acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Exan^les include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-diug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of (he drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C«-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
20 attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fluvastatin is covalently attached to the polypeptide via 
the carfooxylic acid group. 

25 The polypeptide carrier can be prepared using conventional techniques. A 

preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

12 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a poljrsaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestine 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of die 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The mvention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fluvastatin conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can. be prepared by the following examples. 
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Acid/N-temiiniis conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can, then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
S stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Aminc/C-tenninus coiuugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered o£f» and the product precipitated out in 
ether and purified using GPC or dialysis. 

AlcohoUN-Terminus Conjugation 

IS In the following example the combination of the alcohol with triphos^ne 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. . 
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Preparation of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized firom hot water. 

Y-Alkyl Glutamate/C-Termlnus Conjugation 

The peptide carrier can be dissolved in DNfF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y^Alkyl Glutamate-NCA 

y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of PoIy[y-Alkyi Glutamate] 

y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition ofclaim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestabie tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein fluvastatin is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fluvastatin from said composition in a pH-dependent manner. 

15 19. A method for protecting fluvastatin from degradation comprising covalendy . 

attaching said active agent to a polypeptide. 

20. A method for controlling release of fluvastatin from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
fluvastatin to said polypeptide. 

20 21 . A method for delivering fluvastatin to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

fluvastatin covalenUy attached to said polypeptide. 

22. The method of claim 21 wherein fluvastatin is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fluvastatin is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released firom said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 fluvastatin covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4« The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fluvastatin is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 . 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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Abstract 

A composition comprising a polypeptide and fluvastatin covalently attached to the 
polypeptide. Also provided is a method for delivery of fluvastatin to a patient comprising 
administering to the patient a composition comprising a polypeptide and fluvastatin 
5 covalently attached to the polypeptide. Also provided is a method for protecting 
fluvastatin from degradation comprising covalently attaching it to a polypeptide. Also 
provided is a method for controlling release of fluvastatin from a composition comprising 
covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING 
FLUVOXAMINE MALEATE AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pbannaceutical compound that comprises 

a polypeptide that is preferably covalently attached to fluvoxamine maleate, as well as 
methods for protecting and administering fluvoxamine maleate. This novel compound, 
refeired to as a CARRIERWAVE>^ Molecular Analogue (CMA), has the benefit of 
taking a known effective pharmaceutical agent that is both well studied and occupies a 

10 known segment of the pharmaceutical maricet, and combining it with a carrier compound 
that enhances the usefulness of the pharmaceutical agent without comp^mising its 
pharmaceutical effectiveness. 

B ACI^GI^QUy D OF THE INVENTION 

Fluvoxamine maleate is a known pharmaceutical agent that is used in the 
IS treatment of depression and anxiety. Its chemical name is S-methoxy- 1 -[4- 

(trifluoromethyl)phenyl]-l-pentanone (E)-0-(2-aminoethyl)oxime. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administeied 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent), to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active, agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
S markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absoq>tion of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bUe acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
15 active agent Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active a^nt. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
S technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to contix)l the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached these technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-dnig conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharaoaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

15 ganuna carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganmia carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstreariL Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in. 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption throiigh the brush-border membrane of the intestines is limited 
5 to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(fluvoxamine maleate) to a polymer of peptides or amino acids. The invention is 
distinguished from the above-mentioned technologies by virtue of covalently attaching 

10 fluvoxamine maleate to the N-terminus, the C-terminus or directly to the amino acid side 
chain of an oligopeptide or polypeptide, also referred to herein as a carrier peptide. In 
certain applications, the polypeptide will stabilize the active agent, primarily in the 
stomach, through conformational protection. In these applications, delivery of the active 
agent is controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry 

IS into the upper intestinal tract, indigenous enzymes release the active ingredient for 
absorption by the body by selectively hydrolyzing the peptide bonds of the carrier 
peptide. This enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising fluvoxamine maleate microencq)sulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and fluvoxamine 

maleate covalentiy attached to die polypeptide. Preferably, tiie polypeptide is (i) an 
oligopeptide, (ii) a homopolymer of one of the twenty naturally occurring amino acids, 
(iii) a heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer 
of a syntiietic amino acid, (v) a heteropolymer of two or more synthetic amino acids or 

25 (vi) a heteropolymer of one or more naturally occurring amino acids and one or more 
synthetic amino acids. 

Fluvoxamine maleate preferably is covalently attached to a side chain, die N- 
terminus or the C-terminus of the polypeptide. In a preferred embodiment, the active 
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^ agent is a caiboxylic acid and is covalently attached to the N-terminus of the polypeptide. 
In another preferred embodiment, the active agent is an amine and is covalently attached 
to the C-tenninus of the polypeptide. In another preferred embodiment, the active agent 
is an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet 
5 another preferred embodiment, the active agent is an alcohol and is covalently attached to 
the N-terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting fluvoxamine maleate from 
degradation comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering fluvoxamine maleate to a 
20 patient, the patient being a human or a non-human animal, comprising administering to 
the patient a composition comprising a polypeptide and an active agent covalently 
attached to the polypeptide. In a preferred embodiment, fluvoxamine maleate is released 
from the composition by an enzyme-catalyzed release. In another preferred embodiinent, 
fluvoxamine maleate is released in a time-dependent manner based on the 
23 pharmacokinetics of the enzyme-catalyzed release. In another preferred embodiment, the 
composition further comprises a microencapsulating agent and fluvoxamine maleate is 
released from the composition by dissolution of the microencapsulating agent. In another 
preferred embodiment, fluvoxamine maleate is released from the composition by a pH- 
dependent unfolding of the polypeptide. In another preferred embodiment, fluvoxamine 
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maleate is released from the composition in a sustained release* In yet another preferred 
embodiment, the composition further comprises an adjuvant covaiently attached to the 
polypeptide and release of the adjuvant from the composition is controlled by the 
polypeptide. The adjuvant can be microencapsulated into a carrier peptide-dnig 
S conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covaiently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching fluvoxamine maleate to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid conq)lex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

15 In a preferred embodiment, steps (a) and (b) .are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fluvoxamine maleate and a second active agent can be copolymerized in step (c). 
In another preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

20 wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

2S carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
S the invention can stabilize fluvoxamine maleate and prevent its digestion in the stomach. 
In addition, the pharmacologic effect can be prolonged by delayed release of fluvoxamine 
maleate. Furthermore, active agents can be combined to produce synergistic effects. 
Also, absorption of the active agent in the intestinal tract can be enhanced. The invention 
also allows targeted delivery of active agents to specifics sites of action. 

10 Fluvoxamine maleate is the subject of GB1S35226 (1978), herein incorporated by 

reference, which describes how to make that drug. 

The composition of the invention comprises fluvoxamine nudeate covalently 
attached to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a 
homopolymer of one of the twenty naturally occurring amino acids, (iii) a heteropolymer 
15 of two or more naturally occurring amino acids, (iv) a homopolymer of a synthetic amino 
acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary suructure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the fiee energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining*forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protem stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
''pushed out*' of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The r^ult of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of th; amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding, 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkalinefenvironment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select tiie optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS inqx>rtant in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of tiie carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the Qnly polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 

5 Generally, it was only possible to load up to 1/10 of the total dnig-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested nudnly in the colon uid 
drug absorption is mainly limited to the colon. As compared to dextran, this invention • 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or tiie ileum. Second, tiie molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (\tss one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active a^t 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin 85 (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin Bj (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the anuno acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 7S0 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is die 
preferred point of attachment in order to achieve a stable composition. As in the example 

15 above where the alcohol, norethindrone, was covalentiy attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
widi phosgene. This invention, then, pertains to tiie reaction of diis key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalentiy attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-dnig conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into tiie gamma ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copoiymerized with the gamma ester glutamic acid NCA to impart 
5 specific propeities to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
fOT other polypeptides containing functional side chains. Examples include, but are not 
limited to» polylysine, polyasparagine, polyarginine. polyserine, polycysteine* 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of die drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

I s alimentary tract can affect release. 

The active agent can be covalentiy attached to the N-tenninus, tte C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fluvoxamine maleate is covalentiy attached to the 
polypeptide via the amino group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the coii^x>$ition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efRcimtly via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asynmietrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocaiix>xic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The n^hanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; giycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fluvoxamine maleate conjugate is formulated 
into a tablet using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution caathen be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
S stined for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amlne/C^terminus coqjugatioii 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipiuted out in 
ether and purified using GPC or dialysis. 

Aicohol/N-Tenninus Coiyugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation ofy-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the-drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
S several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyl Glutamate/C-Termlnus Coiqugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C 
The solution can then be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
10 followed by the Y-alkyi glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl Glutamate-NC A 

Y-Alkyl glutamate can be suspended in dry THF where triphos^ne is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Polyfy^Alkyl Glutamate] 

7>Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

S fluvoxamine maleate covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fluvoxamine maleate is covalently 
attached to a side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is i^ the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein fluvoxamine maleate is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fluvoxamine maleate from said composition in a pH-dependent manner. 

IS 19. A method for protecting fluvoxamine maleate from degradation comprising 

covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of fluvoxamine maleate from a composition 
wherein said composition comprises a polypeptide, said method comprising covalently 
attaching fluvoxamine maleate to said polypeptide. 

20 21 . A method for delivering fluvoxamine maleate to a patient comprising 

administering to said patient a composition comprising: 
a polypeptide; and 

fluvoxamine maleate covalently attached to said polypeptide. 

22. The method of claim 21 wherein fluvoxamine maleate is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fluvoxamine maleate is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and fluvoxamine maleate covalently 
attached to the polypeptide. Also provided is a method for delivery of fluvoxamine 
maleate to a patient comprising administering to the patient a composition comprising a 
5 polypeptide and fluvoxamine maleate covalently attached to the polypeptide. Also 
provided is a method for protecting fluvoxamine maleate from degradation comprising 
covalently attaching it to a polypeptide. Also provided is a method for controlling release 
of fluvoxamine maleate from a composition comprising covalently attaching it to the 
polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FOLLITROPIN 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to follitropin» as well as methods for 
protecting and administering follitropin. This novel compound, referred to as a 
CARRIERWA VETM Molecular Analogue (CMA), has the benefit of taking a known 
effective phannaceutical agent that is both well studied and occupies a known segment of 
10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the phannaceutical agent without compromising its phannaceutical 
effectiveness. 

B Aq^^QROUND OF THE INVENTION 

FoUitropin is a known pharmaceutical agent that is used in the treatment of 
15 infertility. Its chemical name is follicle-stimulating hormone (human alpha-subunit 
reduced), complex with follicle-stimulating hormone (human beta-subunit reduced). 

The novel pharmaceutical compound of the present invention is useful in 
accon^lishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
20 product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
25 biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the subility of the active agent, such as prolonging shelf 
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life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could in4>rove patient compliance. 

Absoiption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

5 cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 

10 degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
IS copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

20 Each of these technologies imparts enhanced stability and time-release properties 

to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencs^ulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 

25 is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
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. unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use.has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 
S require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

10 ganmia caifooxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of poiyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydiolytic enzymes residing in the large intestines. The 

15 ^ released dexametha^ne active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

20 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 

25 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 

30 to less than S microns. 
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SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(follitropin) to a polymer of peptides or amino acids. The invention is distinguished from 
the above-mentioned technologies by virtue of covaiently attaching follitropin to the N- 
5 terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these £4)plications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
10 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanisoL 

Alternatively, the present invention provides a pharmaceutical composition 
comprising follitropin microencapsulated by a polypeptide. 

IS The uivention provides a composition comprising a polypeptide and follitropin 

covaiently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturaUy occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synttetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

20 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Follitropin preferably is covaiently attached to a side chain, the N-terminus or the 
C^terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covaiently attached to the N-terminus of the polypeptide. In 
25 another preferred embodiment, the active agent is an amine and is covaiently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covaiently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covaiently attached to the N- 
terminus of the polypeptide. 
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The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salf. When an adjuvant is included in the composition, the adjuvant 
S preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active agent from the 

10 conqx>sition in a pH-dependent manner. 

"I 

The invention also provides a method for protecting follitropin from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering follitropin to a patient, the 
patient being a human or a non-human animal, conq)rising administering to the patient a 

15 composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, follitropin is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, follitropin is released in 
a time-dependent maimer based on the phaimacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further comprises a 

20 microencapsulating agent and follitropin is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, follitropin is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, follitropin is released from the composition in a sustained release. 
In yet another preferred embodiment, the composition further comprises an adjuvant 

25 covalently attached to the polypeptide and release of the adjuvant from the composition is 
controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 
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The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalentiy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching foilitropin to a side chain of an amino acid to form an active 
5 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-caiboxyanhydride A) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

10 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, foilitropin and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

IS active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

20 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea« or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
25 The general applications of this invention to other active pharmaceutical agents is 

described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVE^f^ON 

The present invention provides several benefits for active agent delivery. First, 
30 the invention can stabilize foilitropin and prevent its digestion in the stomach. In 
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addition, the pharmacologic effect can be prolonged by delayed release of follitropin. 
Furthermoie, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

5 Follitropin is the subject of WO 95/19991 (199S) and U.S. Patent Numbers 

4,589,402, 5,270,057, and 5,767,251, herein incorporated by reference, which describes 
how to make that drug. 

The composition of the invention comprises follitropin covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
10 of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
15 primary, secondary and tertiary structures. The secondary structure of (he protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
20 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
25 acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore, more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 
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The major forces contributing to the thermodynamics of protein folding are Van 
der Waais interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

5 and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
''pushed out" of the packed, hydrophobic protem core. All of these forces combine and 

10 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
15 peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
20 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
25 the protein's folded state and the thermodynamics associated with the agent's 

decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
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enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino.acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
5 ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-K interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
10 the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary stroctures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysme, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
15 synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 

20 of conformational protection desired. This property can be optimized in concert with the 
kinetics of the fu^t order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 

25 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
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weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumeii or associated with tte brush-border 
5 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analg^ics and vitamins. 

10 TABLE 



Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 

IS example, a decamer of glycine (MW=:S88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

20 conceivably have a loading of 58%, although this may not be entirely practical. 
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The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-tenninus, the C-terminus or the side chain of the oligopeptide or . 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active dnig is a carboxylic acid (e.g., aspirin) then the N- 

5 terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both* the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 

10 preferred point of attachment in order to achieve a stable composition. As in the example 

above where the alcohol, norethindrone, was covalently attached to 

poly(hydn>xypropylglutamine), an alcohol can be converted into an alkylchloroformate 

with phosgene. This invention, then, pertains to the reaction of this key intermediate with 

the N-terminus of the peptide carrier. The active ingredient can be released from the 

15 peptide carrier by intestinal peptidases. 
• 

The alcohol can be selectively bound to the gamma caiboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric unite to the C-terminus of the peptide carrier where the glutamic acid 

20 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyrogiutamic acid as shown in Fig. S. Alternatively, 

25 the glutamic acid-drug dimer can be converted into the ganmia ester of glutamic acid N- 
caiboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 

30 acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 
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The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythieonine and polyiglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, follitropin is covalently attached to the polypeptide via a 
peptide bond. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carbox^nbydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 
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There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynmietric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 

5 adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 

10 sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent Addition of an adjuvant is 
IS particulariy preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycoiecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant pcptide-foUitropin conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-terminus coiyugation 

25 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
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precipitated out in ether and purified using gel permeation chn)inatogrq>hy (GPC) or 
dialysis. 

Amine/C-terminus cQi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

AlcohoVN-Termfaiiis Coqjugation 

10 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

15 is then precipitated out in ether. The crude product is suitably depiotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
20 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Exan^)le$ of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 

Preparation of fAlkyl Glutamate 

There have been over 30 different Y-alkyl glutamates prepared any one of which 
25 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
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several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y^Alkyl Glutamate/OTenninus Coi\jugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the Y^alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room tenq)erature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl GIutamate-NCA 

10 y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 

the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of P6ly[Y-Allcyl Glutamate] 

15 >Aikyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 

a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
20 the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 

5 follitropin covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

* 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein follitropin is covalently attached to a side 
chain* the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microenc£q)sulating agent 

20 10. The composition of claim 9 wherein said microenc^sulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid» a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 



16 



wo 03/034980 PCTAJSOl/43089 

3510 

CW187P 

12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein follitropin is conformationally protected 
by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
follitropin from said composition in a pH^lependent manner. 

15 19. A method for protecting follitropin from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of follitropin from a composition wherein 
said com(X)sition comprises a polypeptide, said method comprising covalently attaching 
follitropin to said polypeptide. 

20 21. A method for delivering follitropin to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

follitropin covalently attached to said polypeptide. 

22. The method of claim 21 wherein follitropin is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein foUitropin is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released finom said 
composition in a sustained release. 

5 2S. The method of claim 21 wherein said composition flitther comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and follitiopin covalently attached to the 
polypeptide. Also provided is a method for delivery of follitropin to a patient comprising 
administering to the patient a composition comprising a polypeptide and follitropin 
5 covalently attached to the polypeptide. Also provided is a method for protecting 
follitropin from degradation comprising covalently attaching it to a polypeptide. Also 
provided is a method for controlling release of follitropin from a composition comprising 
covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FORMOTEROL 
AND METHODS OF MAKING AND USING SAME 

FELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covaiently attached to formoteroU as well as methods for 
protecting and administering formoteroL This novel compound, referred to as a 
CARRIERWAVE^ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhiiances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Formoterol is a known pharmaceutical agent that is used in the treatment of 
15 asthma. Its chemical name is rel-N-[2-hydroxy-5-[(lR)-l-hydroxy-2-[[(lR)-2-(4- 
niethoxypheny)-l-metbylethyl]amino]ethyl]phenyl]formamide. As structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor 
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Active ageat delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the ^propriate target The importance of these 
systems becomes magnified when patient compliance and acidve agent stability are taken 
under consideration. For instance, oiie would expect patient con^liance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
( invasive technique. Increasing the stability of the active agent, siich as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful di^tive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of phamu^uticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent As another exanq>le, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone* A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfominately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 



2 



wo 03/034980 PCT/USOl/43089 

3515 

CW188P 

reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix* which 
is highly dependant on the water solubility of the active a^nt. Conversely, water-soluble 
nucrospheres sweU by an infinite degree and, unfortunately, may release the active agent 
in bursts with litde active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release die 
active agent and, as such, is difficult to control the rate of release. 

In die past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of tiie drug and, as such, are not used for oral 
administration. Exanqples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linlungof norethindrone, viaahydroxypropylspacer,tothe 

15 gamma carboxylate of polygiutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganuna carbamide of polyglutamine. Dexamethasone has been covalendy 
attached direcdy to die beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active mgrcdient is attached to highly ordered lipid fikns (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-iinked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have hi^ 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the bivsh-border membrane of the intestines is limited 
5 to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(fonnoterol) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching fonnoterol to 

10 the N-terminus, the C-terminus or direcdy to die amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
• the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanisnL 

Alternatively, the present invention provides a pharmaceutical composition 
comprising fonnoterol microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and fonnoterol 

covalentiy attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

2S heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Formoterol preferably is covalentiy attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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caiboxylic acid and is covalently attached to the N-terminus of the polypeptide. Iq 
another prefened embodiment, the active agent is an amine and is covalently attached to 
the C-teiminus of tte polypeptide, hi another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
5 preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting formoterol from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering formoterol to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
. polypeptide. Iq a preferred embodiment, formoterol is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, formoterol is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition further comprises a 

microencapsulating agent and formoterol is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, formoterol is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, formoterol is released from the composition in a sustained 
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release. In yet another preferred embodiment, the composition further comprises an 
adjuvant covalently attached to the polypeptide and release of the adjuvant from the 
composition is controlled by the polypeptide. The adjuvant can be microencapsulated 
into a carrier peptide-dcug conjugate for biphasic release of active ingredients. 

5 The invention also provides a method for preparing a composition comprising a 

polypeptide and an active agent covalendy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching fbmioterol to a side chain of an amino acid to form an active 
agent/amino acid complex; 
10 (b) forming an active agent/amino acid conq>lex N-carboxyanhydride (NCA) 

from the active agent/amino acid complex; and 

' (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 
(NCA). 

In a preferred embodiment* steps (a) and (b) are repeated prior to step (c) with a 
15 second active agent When steps (a) and (b) are repeated prior to step (c) with a second 
agent, formoterol and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
20 transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparaginCt 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
25 glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
* amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent AppUcation Serial Number 09/642,820, fded August 22, 2000, 
incorporated herein by reference. 

DETAn RD DESCRIPTION QF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize formoterol and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of formoterol. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

to Formoterol is the subject of GB 14 1S2S6 (1975), herein incorporated by 

reference, which describes how to make that drug. 

The composition of the invention comprises formoterol covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
IS naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary sUructure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chlun determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining*forces contributing to protein stability is the solid reference state, 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during die protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

1 5 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. Foft 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids* on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as ic-ic interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given iqpplication. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
15 important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
. active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromoiecular carrier for the covalent binding of drug for colon specific drug delivery. 

S Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention • 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileunu Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin Bj (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*$ 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran* This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C*terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-t^tninus exanq>les, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 

15 above where the alcohol, norethindrone, was covalently attached to 

poiy(hydn>xypropylglutamine), an alcohol can be converted into an alkylchlorofonnate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gamma caifooxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

23 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Altematively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
5 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not • 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some oth^ indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-tenninus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 diaikyI-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, formoterol is covalently attached to the polypeptide via 
the hydroxyl group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymehzation of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptidc-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asyixunetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known ^ 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The m^hanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactcHS. The invention also allows targetuig the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-formoterol conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Add/N-terminus coi^ugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can. then be treated with diisopropylcaibodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperamre, the urea by-product filtered off. the product 
precipitated out in ether and purified using gel permeation chromatogr^hy (GPC) or 
dialysis. 

Amine/C-tenninus conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminiis Conjugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of (he peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide earner is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y-Alkyl Glutamate 

Theie have been over 30 different Y-alkyl glutamates prepared any one of which 
may be suitable for the-drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The Y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyl GIutamate/OTerminus Coi^fugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to OPc. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the Y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Prepjaration of Y-Alkyl Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Poly [y^AllLyl Ghitamate] 

Y-AJkyl glutamatc-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 fonnoterol covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occuiring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteiopolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of cl^m 1 wherein said polypeptide is a heteiopolymer of 
two or more synthetic amino acids. 

IS 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein formoterol is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 . 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said conqwsition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein formoterol is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of reliMising 
formoterol from said composition in a pH-dependent manner. 

15 19. A method for protecting formoterol from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of formoterol from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
formoterol to said polypeptide. 

20 21. A method for delivering formoterol to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

formoterol covalently attached to said polypeptide. 

22. The method of claim 21 wherein formoterol is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fonnoterol i$ released from said 
composition by a pH*dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

25. The method of claim 21 wherein said composition further comprises an 
adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and formoterol covalently attached to 
the polypeptide. Also provided is a method for delivery of formoterol to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 formoterol covalently attached to the polypeptide. Also provided is a method for 
protecting formoterol from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of formoterol from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FOSINOPRIL 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalently attached to fosinopril, as well as methods for 
protecting and administering fosinopril. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of takmg a known 
effective pharmaceutical agent that is both weU studied and occupies a known segment of 
the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 



Fosinopril is a known pharmaceutical agent that is used in the treatment of 
hypertension. Its chemical name is [l[S*(R*)].2alpha.,4beta]-4-cyclohexyH-[[[2- 
methyl-l-(l-oxopropoxy)propoxy](4-phenylbutyl)phosphinyilacetyl]-L-proline. Its 
structure is: 



The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
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compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems aie often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target The inq>oitance of these 

S systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and peffaq>s even 

10 reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
IS cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

20 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 

25 through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
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shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix* which may not be quantitative and may conq>licate dosage 
reproducibility. In addition, encapsulated drugs tely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
5 microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difiScult to control the rate of release. . 

10 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

15 administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethmdrone, via a hydroxyprop^ spacer, to the 
ganuna carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to fte ganuna carbamide of polyglutamine. Dexamethasone has been covalently 
. attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 

20 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 

25 active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
30 size of the active agent delivery system. Variable molecular weights have unpredictable 
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diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
5 Particle size not only becomes a problem with injectable drugs, as in the HAR 

application, but absorption through the brush-border membrane of the intestines is limited 
to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
10 (fosinopril) to a polymer of peptides or amino acids. The invention is distinguished from 
the above-mentioned technologies by virtue of covaiently attaching fosinopril to the N- 
terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
15 conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

20 Alternatively, the present invention provides a phannaceutical composition 

comprising fosinopril microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and fosinopril 
covaiently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
25 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 
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Fosinopril preferably is covalently attached to a side chain, the N*tenniiius or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
5 the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
10 microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
15 an intravenous preparation or an oral suspension. The active agent can be 

conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

Hie invention also provides a method for protecting fosinopril from degradation 
20 comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering fosinopril to a patient, the 
. patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, fosinopril is released from the composition by 
25 an enzyme-catalyzed release. In another preferred embodiment, fosinopril is released in a 
time-dependent manner based on the pharmacoicinetics of the enzyme^catalyzed release. 
In another preferred embodiment, the composition further comprises a 
microencapsulating agent and fosinopril is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, fosinopril is released 
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from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, fosinopril is released from the composition in a sustained release. 
In yet another preferred embodiment, the composition ftirtheir comprises an adjuvant 
covalently attached to the polypeptide and release of the adjuvant from the composition is 
5 controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a - 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 
10 (a) attaching fosinopril to a side chain of an amino acid to form an active 

agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

15 (NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active a^nt. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fosinopril and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 

20 from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 

25 chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
30 following detailed description are exemplary, but are not restrictive, of the invention. 
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The general applications of this invention to other active phannaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAn Fn nF_<;n? ffTION OF INVENTION 

( S The present invention provides several benefits for active agent delivery. First, 

the invention can stabilize fosinopril and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of fosinopril. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absoiption of the active agent in the intestinal tract can be enhanced. The invention also 
10 allows targeted delivery of active agents to specifics sites of action. 

Fosinopril is the subject of U.S. Patent Number 4,337,201 , 4,384,123, and 
5,006,344, herein incorporated by reference, which describes how to make that drug. 

The composition of the invention comprises fosinopril covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
15 of the twenty naturally occurring amino acids, (iii) a heteropoiymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropoiymer of two or more synthetic amino acids or (vi) a heteropoiymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
20 primary, secondary and tertiary structures. The secondary stmcture of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
25 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
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particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
S model for determining forces contributing to protem stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

10 and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
''pushed out" of the packed, hydrophobic protein core. All of these forces combine and 

15 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The resuft of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
20 peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S'15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
25 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 
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Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

5 Selection of the amino acids will depend on the physical properties desired. For 

instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in die amino acids in the table provided below. Polar ammo acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding, 
lb Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will, 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline envirotmient 

Other factors such as n-ic interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
IS be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary stroctures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
20 active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
25 length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
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carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
5 macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
10 aminopeptidases found in the intestinal lumen ox associated with the brush-border 
membrane and so active agent release and subsequent absoiption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
15 lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 



Amino acid 


MW 


Active apent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin B6 (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoieucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin Dj 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
20 molecular weight so that their condensation into a polypeptide is considered. For 

example, a decamer.of glycine (MW=S88) linked to aspirin would have a total molecular 

10 
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weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- tenninus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
5 conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a caiboxylic acid (e.g., aspirin) then the N- 

10 terminus of the oligopeptide is the preferred point of attachment If the active agent is an 
^^™ne (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active a^nt is an alcohol, then either the C-terminus or the N-terminus is the 

IS preferred point of attachment in order to achieve a stable composition. As in the exanqple 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alk^chloroformate 
with phosgene. This mvention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide earner. The active ingredient can be released from the 

20 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the ganuna caiboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 

25 moiety serves as a spacer between the peptide and the drug as shown in Hg. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular u-ansamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 

30 the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
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carix)xyanhydride. This intermediate can then be polymerized as described above* using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
5 acid-NCA*s can be copoiymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of impsating the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 

10 polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drag dimer. This carrier peptide-dnig conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 

IS attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covaiently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
20 attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fosinopril is covaiently attached to the polypeptide via 
the cacboxylic acid group. 

25 The polypeptide carrier can be prepared using conventional techniques. A 

preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated pepride synthesizer 
can be used. 



12 



wo 03/034980 



3544 



PCT/USOl/43089 



CW189P 



The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order reles^ of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic conqx)unds are absorbed through the intestinal 
epithelia«fGciendy via specialized transporters. The entire membrane transport system is 
intrinsically asynmietric and responds asymmetrically to cot actors. Thus, one can expect 

to that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of tiie 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fosinopril conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the fonnation of anudes from acids 
and amines and can be prepared by the following examples. 
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Add/N-tenniniis coqjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiimide and 
bydroxybenzotiiazole followed by the amine peptide carrier The reaction can then be 
S stined for several hours at room temperature, the urea by-product filtered off» the product 
precipitated out in ether and purified using gel permeation chromatography (GPQ or 
dialysis. 

Aniine/C-tenninus coqjugadon 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus CoiUugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether* The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridinCt 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of Y-AlkyI Glutamate 

There have been over 30 different T^alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid» the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

y-Alkyl Glutamate/C-Tenninus Conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can dien be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
ID followed by the T^alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of Y-AlkyI Glutanute-NC A 

y- Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of PdlyiY-Allcyl Glutamate] 

y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical conq)Osition comprising: 
a polypeptide; and 

fosinopril covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fosinopril is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

10. The composition of claim 9 wherein said microencapsulating agent is 
selected from the group consisting of polyethylene glycol (PEG), an anuno acid» a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

14. The composition of claim 1 wherein said composition is in the form of an 
ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of , claim 1 wherein said composition is in the form of an 
oral suspension. 

17. The composition of claim 1 wherein fosinopril is conformationally protected 
by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fosinopril from said composition in a pH-dependent manner. 

19. A method for protecting fosinopril from degradation comprising covalently 
attaching said active agent to a polypeptide. 

20. A method for controlling release of fosinopril from a composition wherein 
said coniposition comprises a polypeptide, said method comprising covalently attaching 
fosinopril to said polypeptide. 

21. A method for delivering fosinopril to a patient comprising administering to 
said patient a composition comprising: 

a polypeptide; and 

fosinopril covalently attached to said polypeptide. 

22. The method of claim 21 wherein fosinopril is released from said composition 
by an enzyme-catalyzed release. 



17 



wo 03/034980 



3549 



PCT/USOl/43089 
CW189P 



23. The method of claim 21 wherein fosinopril is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. Hie method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further conqmses an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and fosinopril covalenlly attached to the 
polypeptide. Also provided is a method for delivery of fosinopril to a patient comprising 
administering to the patient a composition comprising a polypeptide and fosinopril 
5 covalently attached to the polypeptide. Also provided is a method for protecting 
fosinopril from degradation comprising covalently attaching it to a polypeptide. Also 
provided is a method for controlling release of fosinopril firom a composition comprising 
covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FOSPHENYTOIN 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to fosphenytoin, as v^ell as methods 
for protecting and administering fosphenytoin. This novel compound^ referred to as a 
C ARRIERW A VETw Molecular Analogue (CM A), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Fosphenytoin is a known pharmaceutical agent that is used in die treatment of 
15 epilepsy. Its chemical name is S«5-diphenyl*3-[(phosphonooxy)methyl]-2»4- 
imidazolidinedione. Its structure is: 



0 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 



I 



wo 03/034980 PCT/USOl/43089 

3552 

CW190P 



Active agent delivery systems are often critical for the effective deliveiy of a 
biologically active agent (active agent) to the appropriate target The importance of .these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient conqiliance to increase 
5 maikedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhq)s even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
25 also be intermixed with a large array of sictive agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent oh diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the niatrix» which 
is highly dependant on the water solubility of the active agent Conversely^ water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. F6r example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

to require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

15 gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
' with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injecuble drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is linuted 
5 to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(fosphenytoin) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching fosphenytoin to 

10 the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising fosphenytoin microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and fosphenytoin 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Fosphenytoin preferably is covalently attached to a side chain, the N-terminus or 
the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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caiboxylic acid and is covaiendy attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalentiy attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalentiy attached to the C-tenninus of the polypeptide. In yet another 
S prefened embodiment, the active agent is an alcohol and is covalentiy attached to the N- 
terminus of the polypeptide. 

The composition of the mvention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 

r- 

preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting fosphenytoin from 
degradation comprismg covalentiy attaching it to a polypeptide. 

The invention also provides a method for delivering fosphenytoin to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalentiy attached to the 
polypeptide. In a preferred embodiment, fosphenytoin is released from the composition 
by an enzyme-catalyzed release. In another preferred embodiment, fosphenytoin is 
released in a time-dependent manner based on the pharmacokinetics of the enzyme- 
25 catalyzed release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and fosphenytoin is released from the composition by 
dissolution of the microencapsulating agent. In another prefened embodiment, 
fosphenytoin is released from the composition by a pH-dependent unfolding of the 
polypeptide. In another preferred embodiment, fosphenytoin is released from the 
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composition in a sustained release. In yet another preferred embodiment, the 
composition further comprises an adjuvant covaientiy attached to the polypeptide and 
release of the adjuvant from the composition is controlled by the polypeptide. The 
adjuvant can be microencapsulated into a carrier peptide-drug conjugate for biphasic 
5 release of active ingredients. 

The invention also provides a method for preparing a composition comprising u 
polypeptide and an active agent covaientiy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching fosphenytoin to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-catboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/ammo acid conqilex N-carboxyanhydride 

(NCA). 

15 bi a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, fosphenytoin and a secorid active agent can be copolymerized in step (c). In 
another preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

20 wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but arc not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent AppUcation Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIKTIQN OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize fosphenytoin and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of fosphenytoin. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Fosphenytoin is the subject of U.S. Patent Numbers 4,260,769 and 4,925,860, 

herein incorporated by reference, which describes how to make that drug. 

The composition of the invention comprises fosphenytoin covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary strucmres. The secondary structure of the protein is the 
20 local conformation of the polypeptide chaiii and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core* The aniino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for detennining forces contributing to protein stability is the solid reference state. 

5 The nutjor forces contributing to the thennodynamics of protein folding are Van 

der Waals interactions* hydrogen bonds* electrostatic interactions, configurationai 
entropy and the hydrophobic effect. Considering protein stability, die hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in die solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intxamolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
**pushed out** of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabiiization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent*s 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increaise the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-ii interactions between aromatic residues, kinking of the 
peptide chain by additira of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on die active agent release kmetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on die level 
of confomiational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 

5 Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated eariier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention • 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the il^un. Second, the molecular weight of the carrier molecule can be 
controlled and. thus, active agent loading can also be controlled 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

15 TABLE 



Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Be (Pyroxidine) ' 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocophool) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 7S0 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loaiding of 58%, although this may not be entirely practical. 

S The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For mstance, if the active drug is a carboxylic acid (e*g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment ui order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus exanqiles, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in die example 

15 above where the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-dnig dimer can be converted into the ganuna ester of glutamic acid N- 

30 carboxyanhydride. this intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to ixapM 
5 specific properties to the drug delivery system. 

^ The invention also provides a method of imparting the same mechanism of action 

^ for other polypeptides containing functional side chains. Examples include* but are not * 
limited to« polylysine, polyasparagine, polyarginine» polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which.is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distin^iished from the prior art by virtue of the fact that the primary release of the drug 
. moiety relies on peptidases and not on esterases. Altematively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using kiiown techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to» the 
attachment of naphthylacetic acid to LH-RH» coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin.- As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fosphenytoin is covalently attached to the polypeptide 
via the phosphate or amino group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Altematively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex. 
PEG or salts. 

There is evidence that hydiophilic compounds arc absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asynunetrically to cof actors. Thus, one can expect 

10 that excitation of the menibrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven k^own 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fosphenytoin conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention arc, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-temiinus coiyugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can. then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
S stined for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-tenninus conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent The reaction can then be stilted for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Coiyiigation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example* a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y>Alkyl GIutamate/C-Terminus Coiuugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotiiazole 
10 followed by the y-alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y» Alley 1 Glutamate-NCA 

y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homo^nous. The solution can be poured into heptane to precipitate the NC A product, 
which is filtered, dried and recrystallized from a suitable solvent. ' 

Preparation of P6ly[Y-Aikyl Glutamate] 

Y-Alkyl giutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 

S fosphenytoin covalently attached to said polypeptide. 

2. The composition of claim I wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fosphenytoin is covalentiy attached to a 
side chain, the N*terminus or the C*terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent 

20 10. The composition of claim 9 wherein said microenc^sulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition.of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

uigestable tablet. 

15. The conqx>sition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein fosphenytoin is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
fosphenytoin from said composition in a pH-dependent manner. 

15 19. A method for protecting fosphenytoin fro^ degradation comprising 

covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of fosphenytoin from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attachmg 
fosphenytoin to said polypeptide. 

20 21. A method for delivering fosphenytoin to a patient comprising administering 

to said patient a composition comprising: 
a polypeptide; and 

fosphenytoin covalently attached to said polypeptide. 

22. The method of claim 21 wherein fosphenytoin is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein fosphenytoin is released from said 
composition by a pH-dependent unfolding of said polypeptide* 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

S 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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A composition comprising a polypeptide and fosphenytoin covalently attached to 
the polypeptide. Also provided is a method for delivery of fosphenytoin to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
S fosphenytoin covalently attached to the polypeptide. Also provided is a method for 
protecting fosphenytoin from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of fosphenytoin from a * 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING FUROSEMIDE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

s The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to furosemide* as well as methods for 
protecting and administering fiirosemide. This novel conqK)und, referred to as a 
CARRJERWAVET^ Molecular Analogue (CMA)* has tte benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Furosemide is a known pharmaceutical agent that is used in the treatment of 
15 edema and hypertension. It is both commercially avaUable and readily manufactured 
using published synthetic schemes by those of ordinary skill in the art Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
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compound may contain one or more of the following: another active pharmaceutical 
agent* an adjuvant, or an inhibitor. 

Active agent dejivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The inq)ortance of these 

5 systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of die active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 

10 reduce the number of dosages required which could inq>rove patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerftil digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of . 
15 cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

20 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 

25 through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
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shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage . 
reproducibility. In addition, encapsulated drugs rely on diffuision out of the matrix, which 
is highly dependant oii the water solubility of the active agent Conversely, water-soluble 
5 microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with litde active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

10 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

15 . administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
ganuna carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 

20 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 

25 active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
30 size of the active agent delivery system. Variable molecular weights have unpredictable 
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diffusion rates and pharmacokinetics. High molecular weight earners are digested slowly 
or late, as in the case of naproxen-Iinked dextran. which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content whicE may present a problem with water labile active ingredients. 
S Particle size not only becomes a problem with injectable drugs, as in the H AR 

application, but absorption through the bmsh-border membrane of the intestines is limited 
to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
10 (furosemide) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching furosemide to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
IS conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

20 Alternatively, the present invention provides a pharmaceutical composition 

comprising furosemide microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and furosemide 
. covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
. (ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
25 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 
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Furosemide preferably is covalently attached to a side chain* the N-terminus or 
the C-tenninus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another prefened embodiment, the active agent is an amine and is covalently attached to 
5 the C-terminus of the polypeptide. In another piefened embodiment, the active agent is 
an alcohol and'is covalently attached to the C-terminus of the polypeptide. In yet another 
prefened embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or mote of a 
10 microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
15 an intravenous preparation or an oral suspension. The active agent can be 

conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting furosemide from degradation 
20 comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering furosemide to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, furosemide is released from the composition by 
25 an enzyme-catalyzed release. In another preferred embodiment, furosemide is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another prefened embodiment, the composition further comprises a 
microencapsulating agent and furosemide is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, furosemide is 
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released firom the competition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, furosemide is released from the composition in a 
sustained release. In yet another preferred embodiment, the composition further 
comprises an adjuvant covalently attached to the polypeptide and release of the adjuvant 
5 from the composition is controlled by the polypeptide. The adjuvant can be 

microencapsulated into a carrier peptide-drug conjugate for biphasic release of active 
ingredients* 

The invention also provides a method for preparing a con4x>sition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
10 comprises the steps of: 

(a) attaching furosemide to a side chain of an amino acid to form an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-caiboxyanhydride (NCA) 
from the active a^nt/amino acid complex; and 

15 (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

' (NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, furosemide and a second active agent can be copolymerized in step (c). In another 

20 preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginiiie, asparagine, 

25 cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 
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It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active phannaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
5 incorporated herein by reference. 

nKTAn ^n ngSCRlPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize fiirosemide and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of furosemide. 
10 Furthermore, active agents can be combined to pnxiuce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

The composition of the invention comprises furosemide covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
IS of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
20 primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
25 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding *and unfolding 
aie defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in anuno acid crystals. The folded . 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are .formed at the expense of hydrogen bonds with water. Water molecules are 
^'pushed out'* of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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deconqx)sition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical propeities desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid» glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
1 5 important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is . 
that prolonged release time can be imparled by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active ageat release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total dnig-<lextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention ' 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the teush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second* the molecular weight of the carrier molecule^can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. ■ 







TABLE 




Am^io acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

s The alcohol, amine or caiboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-temunus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a caiboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C* and N-tenninus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable conqwsition. As in tte exdxnple 

IS above where the alcohol, norethindrone, was covalently attached to 

poiy(hydroxypropylgiutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reactipn of this key intermediate with 
the N-terminus of the peptide canier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 caiboxyanhydride. This intermediate can then be polymerized, as described above, using 

U 
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any suitable initiator as shown in Fig. 4. The product of this poiymeiization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NC A to impart 
specific properties to the drug delivery systent 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Exan4>les include, but are not 
limited to, polyiysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drag dimer. This carrier peptide-drag conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltnazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, fiirosemide is covalently attached to the polypeptide via 
the carboxylic acid group. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Altematively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEO) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first oider release of the active agent is imparted by microencs^ulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid conq)lex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal u-ansport systems classified according to the physical properties of the 
transported substrate. They include (he amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ioris, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport s^tems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; giycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-fiirosemide conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus coiqugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcaibodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-tenninus coiyugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Tenninus Coiyugation 

IS In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of f-Alkyl Glutaoiate 

There have been over 30 different f-dlkyl glutamates prepared any one of which 
may be suitable for the dnig alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The Y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

y-Alkyl GIutamate/C-Terminus Conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y- Alky! GIutamate-NC A 

Y^Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent 

Preparation of Polyty-Alkyl Glutamate] 

Y-Alkyi glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 

5 fiirosemide covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

1 S 7. The composition of claim 1 wherein said polypeptide vS a heteropolymer of 

one or more naturally occuning amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein fiirosemide is covalently attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG)* an amino acid, a sugar 
and 2L salt 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5f 14. The composition of claim 1 wherein said composition is in the form of an 

^ ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form.of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
to oral suspension. 

17. The composition of claim 1 wherein fiirosemide is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
' fiirosemide from said c6nqx>sition in a pH-dependent manner. 

IS 19. A method for protecting furosemide from degradation comprising covaiently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of furosemide from a composition wherein 
said composition comprises a polypeptide, said method comprising covaiently attaching 
furosemide to said polypeptide. 

20 2 1 . A method for delivering furosemide to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

furosemide covaiently attached to said polypeptide. 

22. The method of claim 21 wherein furosemide is released from said 
25 composition by an enzyme-catalyzed release. 

17 
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23. The method of claim 21 wherein fiirosemide is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

25. The method of claim 21 wherein said composition further comprises an 
adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is contiolled by said polypeptide. 



10 Abstract 

A conq)osition comprising a polypeptide and frirosemide covalently attached to 
the polypeptide. Also provided is a method for delivery of frirosemide to a patient 
. comprising administering to the patient a composition comprising a polypeptide and 
frirosemide covalently attached to the polypeptide. Also provided is a method for 
t S protecting frirosemide from degradation comprising covalently attaching it to a 

polypeptide. Also provided is a method for controlling release of frirosemide from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GABAPENTIN 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

S The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to gabapentin, as well as methods for 
^ protecting and administering gabapentin. This novel compound, referred to as a 
CARRIERWAVETM Molecular Analogue (CMA)» has the benefit of taking a blown 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OFTHE INVE^mQN 

Gab^ntin is a known pharmaceutical agent that is used in the treatment of 
15 epilepsy and depression. Its chemical name is l-(aniinomethyl)cyclohexaneacetic acid. 
Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage fomi when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

25 Active agent delivery systems are often critical for the effective delivery of a 

biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
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under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique, hcreasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
S reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
10 cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradatibn of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

15 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 

20 through microencapsulation of the active agent in amides of dicartx)xylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfoitunately, these technologies suffer from several 
2S shortcomings. Incorporation of the active agent is often dependent on difftision into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on difftision out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
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in bursts with little active agent available for sustained release. Fuithermoie, in sonie 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

5 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require tte use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of die drug and, as such, are not used for oral 

10 administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone» via a hydroxypropyl spacer, to the 
gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganuna carbamide of polyglutamine. Dexamethasone has been covalentiy 
attached directiy to the beta carboxylate of polyaspartic acid without a spacer group. 

15 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone actiye agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into die bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation wtere the 

20 active ingredient is attached to highly ordered lipid fihns (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
25 size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in die case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
30 Particle size not only becomes a problem with injectable drugs, as in the HAR 
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application, but absorption through the brush-border membrane of the intestines is limited 
to less than S microns. 

SUMMARY OF THEjNVENTION 

The present invention provides covalent attachment of the active agent 
5 (gabapentin) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching gabapentin to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
10 conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanisni. 

15 Alternatively, the present invention provides a pharmaceutical composition 

comprising gabapentin microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and gabapentin 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
20 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Gabapentin preferably is covalently attached to a side chain, the N-terminus or the 
25 C-terminus of the polypeptide. In a preferred embodiment^ the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
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an alcohol and is covalently attached to the C-tenninus of the polypeptide. In yet another 
preferred embodiment^ the active agent is ah alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
S microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant ' 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
10 an intravenous preparation or an oral suspension. The active agent can be 

conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting gabapentin from degradation 
15 comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering gabapentin to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, gabapentin is released from the composition by 

20 an enzyme-catalyzed release. In another preferred embodiment, gabapentin is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further comprises a 
microencapsulatitig agent and gabapentin is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, gabapentin is 

25 released from the composition by a pH-dependent unfolding of the polypeptide. Iq 
another preferred embodiment, gabapentin is released from the composition in a 
sustained release. In yet another preferred embodiment, the composition further 
comprises an adjuvant covalently attached to the polypeptide and release of the adjuvant 
from the composition is controlled by the polypeptide. The adjuvant can be 
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microencapsulated into a carrier peptide-dnig conjugate for biphasic release of active 
ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
5 comprises the steps of: 

(a) attaching gabapentin to a side chain of an amino acid to form an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-caiboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

10 (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, gabapentin and a second active agent can be copolymerized in step (c). In another 

15 preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid« arginine, asparagine, 

20 cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

25 . It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642.820, filed August 22, 2000, 
incorporated herein by reference. 
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DETAILED DESCRIPTTON OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize gab2q)entin and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of gaba^ntin. 
5 Furthermore, active agents can be combined to produce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

Gabapentin is the subject of U.S. Patent Numbers 4,087,544; 4,894,476, 
5,084,479, and 6,054,482, herein incorporated by reference, which describes how to 
to make that drug. 

The composition of the invention comprises gabapentin covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic ammo acid, (v) a 
15 heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary stmctures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
20 turns. The protein^s amino acid sequence and the structural constraints on the 

conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
25 the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
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protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
S der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein in^or 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
10 force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out** of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
15 maximum packing is to produce a center of residues or hydrophobic core that has 
nmimum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 

20 amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-lS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperanire requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 

25 Moreover, protein conformation generally controls the rate and extent of deleterious 
chenucal reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. F6r 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
^ hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected forpH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as ic-ic interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
15 important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known diat has been explored as a 
macromolecular carrier for the covalent binding of drag for colon specific drug delivery. 

5 Generally, it was only possible to load up to 1/10 of the total dnig-^xtran conjugate 
weight with drug. As stated earlier* polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier noolecule ^eui be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin Dj 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 7S0 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or terminus application, for those active agents attached to pendant 
groups of decagiutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or caiboxylic acid group of an active agenfmay be covalently 

attached to the N-terminus, the C*terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 

15 above where the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 . enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polygiutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition* other amino 
acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to unpart 
5 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

IS alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, gabapentin is covalently attached to the polypeptide via 
the carboxylic acid group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence diat hydrophilic conqx>unds are absorbed through the intestinal 
epithelia efificientiy via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asynunetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents; There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the anuno acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The mechanisms can (tepend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targ^ng the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absort}ed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-gabapentin conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can. be prepared by the following examples. 
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Acid/N-termlnus coqjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C The solution can*then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off* the product 
precipitated out in ether and purified using gel permeation chromatography (GPQ or 
dialysis. 

Amine/C-terminus coix|ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terniinus CoiUugatton 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Prqiaration of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

y-Alkyl Giutamate/C-Terminus CoiUuggtion 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to OPC. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the T^alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a niux)gen atmosphere until the mixture beconies 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of P6ly[Y>Alkyl Glutamate] 

Y- Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 gabapentin covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 . two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

IS 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein gabapentin is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 - 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
exctpient 

5( 14. The composition of claim 1 wherein said composition is in the form of an 

( ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17* The composition of claim 1 wherein gabapentin is confonnationaUy protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing ' 
gabi^ntin from said composition in a pH-dependent manner. 

15 19. A method for protecting gabapentin from degradation comprising covalenUy 

attaching said active agent to a polypeptide. 

20. A method for controlling release of gabapentin from a composition wherein 
said corrq^osition comprises a polypeptide, said method comprising covalentiy attaching 
gabapentin to said polypeptide. 

20 21. A method for delivering gabapentin to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

gabapentin covalentiy attached to said polypeptide. 

22. The method of claim 21 wherein gabapentin is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gabapentin is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gabapentin covalently attached to 
the polypeptide. Also provided is a method for delivery of gabapentin to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 gabapentin covalently attached to the polypeptide. Also provided is a method for 
protecting gabapentin from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of gabapentin from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GADODIAMIDE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel phannaceutical compound that comprises 

a polypeptide that is preferably covalently attached to gadodiamide, as well as methods 
for protecting and administering gadodiamide. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the phannaceutical market, and combining it with a carrier compound that enhances the 
usefiibiess of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND O P THE INVENTION 

Gadodiamide is a known pharmaceutical agent that is used as a diagnostic agent 
15 in MRI. Its chemical name is [5.8-bis(carboxymethyl)-ll-[2-(methylamino)-2-oxoethyll- 
3-oxo- 2,5,8,1 l-tetraazatridecan-13-oato(3-)]gadolinium. Its stracture is: 



The novel phannaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active phannaceutical 
agent, an adjuvant, or an inhibitor. 

25 Active agent delivery systems are often critical for the effective delivery of a 

biologically active agent (active agent) to the appropriate target. The importance of these 
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systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
maricedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
S life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly^ 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 

10 resorcinol, surfactants, polyethylene glycol (PEG) or bUe acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abatmg enzyme degradation of the 
active agent Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 

15 stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
20 growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
25 to active agent substances. Unfortunately, these technologies suffer from several 

shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
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microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
urueliable. For example, an enterically coated active agent depends on pH to release the 
5 active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 

10 in the bloodstream for the release of the drug and, as such, are not used for oral 

administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
ganuna carboxylate of polyglutamic acid; and Unking of nitrogen mustard, via a peptide 
spacer, to the ganuna carbamide of polyglutamine. Dexamethasone has been covalently 

15 attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drag is released by bacterial hydrolytic enzymes residing in the lar^ intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 

20 combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drag delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

25 It is also important to control the molecular weight, molecular size and particle 

size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 

30 moisture content which may present a problem with water labile active ingredients. 
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Particle size not only becomes a problem with injectable drugs* as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
to less than S microns. 

SUMMARY OF THE INVENTION 

5 The present invention provides covalent attachment of the active agent 

(gadodiamide) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching gadodiamide to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain ^plications, the 

10 polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon enuy into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 

IS enzymatic action introduces a second order sustained release mechanism. 

Altematively, the present invention provides a pharmaceutical composition 
comprising gadodiamide microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and gadodiamide 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
20 (ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 

heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occunring amino acids and one or more synthetic 
amino acids. 

2S Gadodiamide preferably is covalently attached to a side chain, the N-terminus or 

the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalendy attached to 
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the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalentiy attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalentiy attached to the N- 
terminus of the polypeptide. 

5 The composition of the invention can also include one or more of a 

microencapsulating agent* an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

10 Preferably, the composition of the invention is in the form of an ingestable tablet, 

an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

1 5 The invention also provides a method for protecting gadodiamide &om 

degradation comprising covalentiy attaching it to a polypeptide. 

The invention also provides a method for delivering gadodiamide to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalentiy attached to the 

20 polypeptide. In a preferred embodiment, gadodiamide is released from the composition 
by an enzyme-catalyzed release. In another preferred embodiment, gadodiamide is 
released in a time-dependent manner based on the pharmacokinetics of the enzyme- 
catalyzed release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and gadodiamide is released from the composition by 

25 dissolution of the microencapsulating agent. In another preferred embodiment, 
gadodiamide is released from the composition by a pH-dependent unfolding of the 
polypeptide. In another preferred embodiment, gadodiamide is released from the 
composition in a sustained release. In yet another preferred embodiment, the 
composition further comprises an adjuvant covalentiy attached to the polypeptide and 
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release of the adjuvant from the composition is controlled by the polypeptide. The 
adjuvant can be microencapsulated into a carrier peptide-dnig conjugate for biphasic. 
release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
5 polypeptide and an active agent covalendy attached to the polypeptide. The method 
^ comprises the steps of: 

' (a) attaching gadodiamide to a side chain of an amino acid to form an active 

agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
10 from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA); 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent When steps (a) and (b) are repeated prior to step (c) with a second 

15 agent, gadodiamide and a second active agent can be copolymerized in step (c). In 
another preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 
wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 

20 amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 

25 amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
30 incorporated herein by reference. 
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DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize gadodiamide and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of gadodiamide. 
S Furthermore, active agents can be combined to produce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

Gadodiamide is the subject of U.S. Patent Number 4.687,659, herein incorporated 
by reference, which describes how to make that drug. 

t 

10 The composition of the invention comprises gadodiamide covalently attached to a 

polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 

15 more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and . 
turns. The protein's amino acid sequence and the structural constraints on the 
20 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
25 are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
• acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
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protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
5 entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 

10 bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
^'pushed out** of the packed, hydrophobic protein core. Ail of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 

1 5 maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 

20 a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 

25 chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 
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Selection of the amino acids will depend on the physical properties desired For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

5 Ionizing amino acids can be selected for pH controlled peptide unfolding. 

Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon enuy into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as k-k interactions between aromatic residues, kinking of the 
10 peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
in^)oitant in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
15 aspardc acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 

20 active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 

25 carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bcmd 
between the carrier peptide and the active agent. 



9 



wo 03/034980 



3616 



PCT/USOl/43089 
CW193P 



Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally* it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier^ polysaccharides are digested mainly in the colon and 

5 drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

to controlled and. thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin Bt (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocoi^rol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
15 stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
20 delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
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groups of decaglutamic acid, for instance, a dnig with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalentiy 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 

5 polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-terminus examples, 

10 the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalentiy attached to 
poly(bydroxypropylglutanune), an alcohol can be converted into an alkylchloroformate 

15 with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the ganmia carboxylate of glutamic acid 
and then this conjugate covalentiy attached to the C-terminus of the peptide carrier. 

20 Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 

25 then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
caifooxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 

30 polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
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maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copoiymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
S for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine. polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these * 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
10 distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
IS the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltri{ucene$ to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

20 In the present invention, gadodiamide is covalently attached to the polypeptide via 

the amino or hydroxy group. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-caiboxyanhydrides. 
. Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
25 can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
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invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
S epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asynunetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
10 transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein u-anspoit systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydro^n ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
15 agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
20 catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

Preferably, the resultant peptide-gadodiamide conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

25 Compositions of the invention are, in essence, the formation of amides from acids 

and amines and can be prepared by the following examples. 
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Add/N-terminus conjugatimi 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution caathen be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Aniine/C-terminus conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stined for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Coiuugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chlorofonnate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product . 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y- Alky 1 Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for thenirug alcohol of choice. For example, a suspension of glutamic 
acid« the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The Y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

y-Alkyl Glutamate/C-Terminus Coiyugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then bestirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of Allcyl Glutamate-NC A 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the UCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Pdiyty^Alkyl Glutamate] 

Y-Alkyl glutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A phannaceutical composition comprising: 
a polypeptide; and 

5 gadodiamide covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
to two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim I wherein gadodiamide is covalendy attached to a 
side chain» the N-terminus or the C*terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG)» an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter 

1 3. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

S 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein gadodiamide is conformationally 
protected by folding of said polypeptide about said active agrat 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
gadodiamide from said composition in a pH-dependent manner. 

' 15 19. A method for protecting gadodiamide from degradation comprising 

covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of gadodiamide from a composition wherein 
said composition comprises a polypeptide* said method comprising covalently attaching 
gadodiamide to said polypeptide. 

20 21 . A method for delivering gadodiamide to a patient comprising administering 

. to said patient a composition comprising: 
a polypeptide; and 

gadodiamide covalently attached to said polypeptide. 

22. The method of claim 21 wherein gadodiamide is released from said 
23 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gadodiamide is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

S 2S. The method of claim 2 1 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gadodiamide covalently attached to 
the polypeptide. Also provided is a method for delivery of gadodiamide to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 gadodiamide covalently attached to the polypeptide. Also provided is a method for 
protecting gadodiamide from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of gadodiamide from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING 
GADOPENTETATE DIMEGLUMINE AND METHODS OF MAKING AND 

USING SAME 

5 FIELD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalently attached to gadopentetate dimeglumine, as 
well as methods for protecting and administering gadopentetate dimeglumine. This 
novel compound, referred to as a CARRDERWAVE™ Molecular Analogue (CMA), has 
10 the benefit of taking a known effective pharmaceutical agent that is both well studied and 
occupies a known segment of the pharmaceutical market, and combining it with a carrier 
confound that enhances the usefulness of the pharmaceutical agent without 
compromising its pharmaceutical effectiveness. 

BACKGROUND OF THE INVENTION 

IS Gadopentetate dimeglumine is a known pharmaceutical agent that is used for . 

imaging in brain scans. 

The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
20 product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
25 ' biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 

I 
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life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could inqprove patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

5 cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol. surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microenc^sulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 

10 degradation. Enteric coatings have been used as a protector of phamuiceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
15 copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

20 Each of these technologies imparts enhanced stability and time-release properties 

to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 

25 is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
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unreliable. For example, an enterically coated active agent depends on pH to release die 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

5 require the use of spacer groups between the amino acid pendant group and the active 

^ agent The peptide-drug conjugates of this class of drug deliv^ system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

10 ganuna carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalendy 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodnig formulation was designed as a colon-specific drag delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

IS ' released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active mgredient is attached to highly ordered lipid fihns (known as HARs) via a.peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

20 incorporates the coiicept of attaching an active ingredient to a polypeptide pendant group 
• with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 

25 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 

30 to less than S microns. 
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SUMMARY OF THE INVENTTON 

The present invention provides covalent attachment of the active agent 
(gadopentetate dimeglumine) to a polymer of peptides or amino acids. The invention is 
distinguished from the above-mentioned technologies by virtue of covalently attaching 

S gadopentetate dimeglumine to the N-terminus, the C-terminus or directly to the amino 
acid side chain of an oligopeptide or polypeptide, also referred to herein as a carrier 
peptide. In certain applications, the polypeptide will stabilize the active agent* primarily' 
in the stomach, through conformational protection. In these applications, delivery of the 
active agent is controlled, in part, by the kinetics of unfolding of the carrier peptide. 

10 Upon entry into the upper intestinal tract, indigenous enzymes release the active 

ingredient for absorption by the body by selectively hydrolyzing the peptide bonds of the 
carrier peptide. This enzymatic action introduces a second order sustained release 
mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
15 comprising gadopentetate dimeglumine microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and 
gadopentetate dimeglumine covalently attached to the polypeptide. Preferably, the 
polypeptide is (i) an oligopeptide, (ii) a homopolymer of one of the twenty naturally 
occurring amino acids, (iii) a heteropolymer of two or more naturally occurring amino 
20 acids, (iv) a homopolymer of a synthetic amino acid, (v) a heteropolymer of two or more 
synthetic amino acids or (vi) a heteropolymer of one or more naturally occurring amino 
acids and one or more synthetic amino acids. 

Gadopentetate dimeglumine preferably is covalently attached to a side chain, the 
N*terminus or the C-terminus of the polypeptide. In a preferred embodiment, the active 
25 agent is a carboxylic acid and is covalently attached to the N-terminus of the polypeptide. 
In another preferred embodiment, the active agent is an amine and is covalently attached 
to the C-terminus of the polypeptide. In another preferred embodiment, the active agent 
is an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet 
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another preferxed embodiment the active agent is an alcohol and is covalently attached to 
the N-terminus of the polypeptide. 

The compositiqn of the invention can also include one or more of a 
microenc^uiating agent, an adjuvant and a pharmaceuticaily acceptable excipient The 
5 microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or ao oral suspension. The active agent can be 
10 conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting gadopentetate dimeglumine 
from degradation comprising covalently attaching it to a polypeptide. 

15 The invention also provides a method for delivering gadopentetate dimeglumine 

to a patient, the patient being a human or a non-human animal, comprising administering 
to the patient a composition comprising a polypeptide and an active agent covalently 
attached to the polypeptide. In a preferred embodiment, gadopentetate dimeglumine is 
released from the composition by an enzyme-catalyzed release. In another preferred 

20 embodiment, gadopentetate dimeglumine is released in a time-dependent marmer based 
on the pharmacokinetics of the enzyme-catalyzed release. In another preferred 
embodiment, the composition further comprises a microencapsulating agent and 
gadopentetate dimeglumine is released from the composition by dissolution of the 
microencapsulating agent. In another preferred embodiment, gadopentetate dimeglumine 

25 is released from the composition by a pH*dependent unfolding of the polypeptide. In 
another preferred embodiment, gadopentetate dimeglumine is released from the 
composition in a sustained release. In yet another preferred embodiment, the 
composition further comprises an adjuvant covalently attached to the polypeptide and 
release of the adjuvant from the composition is controlled by the polypeptide. The 
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adjuvant can be microencapsulated into a carrier peptide-dnig conjugate for bipbasic 
release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
5 comprises the steps of: 

(a) attaching gadopentetate dimeglumine to a side chain of an amino acid to form an 
active agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-caiboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

10 (c) polymerizing the active agent/amino acid complex N*caiboxyanhydride 

(NCA). 

In a prefened embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, gadopentetate dimeglumine and a second active agent can be copolymerized in 

15 step (c). In another preferred embodiment, the amino acid is glutamic acid and the active 
agent is released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide 
and wherein the active agent is released from the glutamic acid by coincident 
intramolecular transamination. In another preferred embodiment, the glutamic acid is 
replaced by an amino acid selected from the group consisting of aspartic acid, arginine, 

20 asparagine, cysteine, lysine, threonine, and serine, and wherein the active agent is 
attached to the side chain of the amino acid to form an amide, a thioester, an ester, an 
ether, a urethane, a carbonate, an anhydride or a carbamate. In yet another preferred 
embodiment, the glutamic acid is replaced by a synthetic amino acid with a pendant 
group comprising an amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid 

25 functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
30 incorporated herein by reference. 
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HFTAn nPsrRfPTT QN OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize gadopentetate dimeglumine and prevent its digestion in the 
stomach. In addition, the pharmacologic effect can be prolonged by delayed release of 
5 gadopentetate dimeglumine. Fuithermore, active agents can be combined to produce 
synergistic effects. Also, absorption of the active agent in the intestinal tract can be 
enhanced. The invention also allows targeted delivery of active agents to specifics sites 
of action. 

The composition of the invention comprises gadopentetate dimeglumine 
10 covalently attached to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
15 amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated steets and 
turns. The protein*s amino acid sequence and the structural constraints on the 
20 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
25 are defmed by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
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protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds* electrostatic interactions, configurational 

5 entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the i»otein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 

10 bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
'^pushed out** of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packiiig occurs determines the degree of relative stability of the protein. The result of 
maxinwm packing is to produce a center of residues or hydrophobic core that has 

IS maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 

20 a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 

25 chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent* s decomposition should be different 
than for protein unfolding. 
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Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydxophiiicity of the polypeptide. 

5 Ionizing amino acids can be selected for pH controlled peptide unfolding. 

Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weiglits of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
20 active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Hius, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
25 carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzynwtic hydrolysis of the key bond 
between the carrier peptide and the active agent. 
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Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 

5 drug absorption is mainly limited to the colon. As compared to dextran» this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

10 controlled and, thus, active agent loading can also be controlled 



. As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active asent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin B6 (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascoiinc acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


nienylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin Bj (Riboflavin) 


376 




Vitamin D2 • 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
15 stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
20 delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
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groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohoU amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 

S polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 

10 the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-t^rminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
polyChydroxypropylglutamine), an alcohol can be converted into an alkylchlorofonnate 

15 with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released horn the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 

20 Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 

25 then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- . 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 

30 polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
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maximum drug loading of the carrier peptide can be achieved. In addition^ other amino 
acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
5 for other polypeptides containing functional side chains. Examples include, but are not 
limited to. polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these • 
polypeptides through a spacer or linker on the pendant group* which is terminated* 
preferably, by the glutamic acid-dfug dimcr. This carrier peptide-drug conjugate is 
to distinguished ftom the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the activeiagent can be 
attached directly to the pendant group where some other incUgenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
15 the side chain of the polypeptide using known techniques. Examples of Unking organic 
compounds to the N-terminus type of a peptide include, but are not limited to. the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

20 The polypeptide carrier can be prepared using conventional techniques. A 

preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydridcs. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
25 polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 
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There is evideace thai hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
uitrinsically asynunetric and responds asynunetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent Addition of an adjuvant is 
IS particularly preferred when using an otherwise poorly absorbed active agent Suitable 
adjuvants, for example, mclude: p^ain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant peptide-gadopentetate dimeglumine conjugate is 

formulated into a tablet using suitable excipients and can either be wet granulated or dry 
compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

25 Acid/N-terminus coiuugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
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stirred for several hours at room temperature, the urea by-product filtered oft the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-temiinus Goq|ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

AloAol/N-Tenidnus Coqjugation 

In the following example the combination of the alcohol with triphosgene 
produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
15 added slowly and the solution stirred at room temperature for several hours. The product 
is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Exanq)les of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
20 solvents such as chloroform. Exan^les of other activating agents include 

dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 

Preparation of Y*Alkyl Glutamate 

25 There have been over 30 different y-alkyl glutamates prepared any one of which 

may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
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several hours. The T^alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

y-Alkyl Glutanuite^&Tenninus CoiUugiition 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the y-aikyl glutanoate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out m ether and purified using GPC or dialysis. 

Pkvparation (tf T^AIkyl Glutamate-NCA 

10 Y^Alkyl glutamate can be suspended in dry THF where triphosgene is added and 

the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent 

Preparation of Ptoly[Y-Alkyl Glutamate] 

15 y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 

a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
20 the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 gadopcntetate dimeglumine covalently attached to sajd polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein ^aid polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim I wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein gadopcntetate dimeglumine is covalently 
attached to a side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 . 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
tnmsporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein gadopentetate dimeglumine is 
confonnationally protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of relieasing 
gadopentetate dimeglumine from said composition in a pH-dependent manner. 

15 19. A method for protecting gadopentetate dimeglumine from degradation 

comprising covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of gadopentetate dimeglumine from a 
composition wherein said composition comprises a polypeptide^ said method comprising 
covalently attaching gadopentetate dimeglumine to said polypeptide. 

20 21. A method for delivering gadopentetate dimeglumine to a patibnt comprising 

administering to said patient a composition comprising: 
a polypeptide; and 

gadopentetate dimeglumine covalently attached to said polypeptide. 

22. The method of claim 21 wherein gadopentetate dimeglumine is released from 
25 said composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gadopentetate dimeglumine is released from 
said composition by a pH-dependent unfolding of said polypeptide. 

24. The methcd of claim 2 1 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gadopentetate dimeglumine 
covalently attached tolhe polypeptide. Also provided is a method for delivery of 
gadopentetate dimeglumine to a patient comprising administering to the patient a 
5 composition comprising a polypeptide and gadopentetate dimeglumine covalently 
attached to the polypeptide. Also provided is a method for protecting gadopentetate 
dimeglumine from degradation comprising covalently attE^ hing it to a polypeptide. Also 
provided is a method for controlling release of gadopentetate diaieglumine from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GADOTERIDOL 
AND METHODS OF MAKING AND USING SAME 

FELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to gadoteridoU as well as methods for 
protecting and administering gadoteridol. This novel compound, referred to as a 
CARRERWAVPw Molecular Analogue (CMA), has the bcrtcfit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its phaima^utical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Gadoteridol is a known pharmaceutical agent that is used as a contrast reagent in 
15 diagnostic imaging. Its chemical name is (+,-)-[ 10-(2-hydroxypropyl)- 1,4,7, 10- 
tetraazacyclododecane- 1,4,7- triacetato(3-)]gadolinium. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

25 Active agent delivery systems are often critical for the effective delivery of a 

biologically active agent (active agent) to the appropriate target. The importance of these 
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systems becomes magnified when patient compliance and active agent stability aie taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
5 life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly^ 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 

10 resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 

15 stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
20 growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
25 to active agent substances. Unfortunately, these technologies suffer from several 

shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
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microspheies swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with litde active agent available for sustained release. Furthennore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated acti ve agent depends on pH to release the 
5 active agent and; as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active- 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 

10 in the bloodstream for the release of the drug and, as such, are not used for oral 

administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
ganmia carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganmia carbamide of polyglutamine. Dexamethasone has been covalently 

15 attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstreariL Yet another technology 

20 combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

25 It is also important to control the molecular weight, molecular size and particle 

size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 

30 moisture content which may present a problem with water labile active ingredients. 
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Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
to less than S microns. 

SUMMARY OF THE INVENTION 

5 The present invention provides covalent attachment of the active agent 

(gadoteridol) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching gadoteridol to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 

10 polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 

IS enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising gadoteridol microenc^ulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and gadoteridol 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
20 (ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 

heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

25 Gadoteridol preferably is covalently attached to a side chain, the N-terminus or 

the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus pf the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
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the C-terminus of the polypeptide. In another piefened embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

5 The composition of the invention can also include one or more of a 

microencapsulating agent, an adjuvant and a pharmaccutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

10 Preferably, the composition of the invention is in the form of an ingestable tablet, 

an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

15 The invention also provides a method for protecting gadoteridol ftom degradation 

comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering gadoteridol to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 

20 polypeptide. In a preferred embodiment, gadoteridol is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment gadoteridol is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and gadoteridol is released from the composition by dissolution 

25 of the microencapsulating agent. In another preferred embodiment, gadoteridol is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, gadoteridol is released from the composition in a 
sustained release. In yet another preferred embodiment, the composition further 
comprises an adjuvant covalently attached to the polypeptide and release of the adjuvant 



5 



wo 03/034980 



3650 



PCT/USOl/43089 
CW195P 



from the composition is controlled by the polypeptide. The adjuvant can be 
microencapsulated into a carrier peptide-drug conjugate for biphasic release of active 
ingredients. 

The invention also provides a method for preparing a composition comprising a 
5 polypeptide and an active agent covalendy attached to the polypeptide. The method ^ 
comprises die steps of: 

(a) attaching gadoteridol to a side chain of an amino acid to form an active 
agent/amitto acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
10 from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) ace repeated prior to step (c) with a 
second active agent When steps (a) and (b) are repeated prior to step (c) witii a second 

IS agent, gadoteridol and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 

20 amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 

25 amine, an alcohol, a suifhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
30 incorporated herein by reference. 
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DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize gadoteridol and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of gadoteridol. 
5 Furthermore, active agents can be combined to produce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

Gadoteridol is the subject of U.S. Patent Number 4,883,363. herein incorporated 
by reference, which describes how to make that drug. 

10 The composition of the invention comprises gadoteridol covalently attached to a 

polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a bomopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occuiiing amino acids, (iv) a bomopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of tme or 

ts more naturally occurring amino acids and one or more synthetic amino acids* 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary stmctiires. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
20 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
25 are defined by the free energy of a particular cpndition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
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{NTOtein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

3 entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant - 
force. Hydrogen bonds are established during the protein fold process and intramolecular 

10 bonds are fonned at the expense of hydrogen bonds with water. Water molecules are 
^pushed our of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 

15 maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overconiing the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 

20 a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 

25 chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 
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Selection of the amino acids will depend on the physical properties desired For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in. the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

S Ionizing amino acids can be selected for pH controlled peptide unfolding. 

Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and argmine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-n interactions between aromatic residues, kinking of the 
10 peptide chain by addition of proline, disulfide crosslinking and hydrogen 1)onding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
15 aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 

20 active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in conceft with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 

25 carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent 
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Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to i/10 of the total dnig-dextnin conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 

S drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

10 controlled and, thus, active agent loading can also be controlled* 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin Bz (Riboflavin) 


376 






Vitamin Dz 


397 






Vitamin E (Tocopherol) 


431. 



Lipophilic amino acids are preferred because conformational protection through the 
15 stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
20 delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
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groups of decaglutamic acid, for instance, a drug with a molecular wei^t of 180 could 
conceivably have a loading of 58%, althou^ this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a caiboxylic acid (e.g., aspirin) then the N- 
tenninus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C* and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C*terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poiy(hydn>xypropylglutamine), an alcohol can be converted into an aUcylchloroformate 
with phosgene. This invention, then, peitains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
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maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system 

The invention also provides a method of imparting the same mechanism of action 
5 for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagii^, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these - 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
10 distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-teiminus or 
15 the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

20 hi the present invention* gadoteridol is covalently attached to the polypeptide via 

a hydroxyl or amino group, or alternatively through an artificial linker. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-caiboxyanhydrides. 
. Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
25 can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
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invention* a pre-fiist order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
5 epitheiia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant tesultmg in localized delivery of active agents. There aze seven known 
intestinal transport systems classified according to the physical properties of the 
to transported substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
15 agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
20 catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

Preferably, the resultant peptide-gadoteridol conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

25 Compositions of the invention are, in essence, the formation of amides from acids 

and amines and can be prepared by the following examples. 
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Add/N-terminus coqjugation 

An acid bioacdve agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amiue/C-temiinus conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Coi\jugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y^Alkyl Glutamate 

There have been over 30 different y-aikyl glutamates prepared any one of which 
niay be suitable for the tlrug alcohol of choice. For example, a suspensicm of glutamic 
acid; the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered* 
dried and recrystallized from hot water. 

Y-AlkyI Ghitamatc/C-Tenninus CoiUugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to QPc. 
The solution can then be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stined for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of T^Alkyl Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized fiom a suitable solvent. 

Preparation of Pdlyt'f Alicyl Glutamate] 

y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing fiom the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A phannaceuticai composition comprising: 
a polypeptide; and 

( 5^ gadoteridol covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occuiiing amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 ' two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein gadoteridol is covalently attached to a 
side chain, the N-terminus or the C*terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

14. The composition of claim 1 wherein said composition is in the fonn of an 
ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
mtravenous preparation. 

16. The composition of claim 1 wherein said composition is in tl^e form of an 
oral suspension. 

17. The composition of claim 1 wherein gadoteridol is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
gadoteridol from said composition in a pH-dependent manner. 

19. A method for protecting gadoteridol from degradation comprising covalently 
attaching said active agent to a polypeptide. 

20. A method for controlling release of gadoteridol from a composition wherein 
s^d composition comprises a polypeptide, said method comprising covalently attaching 
gadoteridol to said polypeptide. 

21. A method for delivering gadoteridol to a patient comprising administering to 
said patient a composition comprising: 

a polypeptide; and 

gadoteridol covalently attached to said polypeptide. 

22. The method of claim 21 wherein gadoteridol is released from said 
composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gadoteridol is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 2 1 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gadoteridol covalently attached to 
the polypeptide. Also provided is a method for delivery of gadoteridol to a patient 
con4)rising administering to the patient a composition comprising a polypeptide and 
5 gadoteridol covalently attached to die polypeptide. Also provided is a method for 
protecting gadoteridol from degradation comprising covalendy attaching it to a 
polypeptide. Also provided is a method for controlling release of gadoteridol from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GANAXOLONE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to ganaxolone, as well as methods for 
protecting and administering ganaxolone. This novel compound, referred to as a 
C ARRIERW A VE™ Molecular Analogue (CMA). has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefiihiess of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Ganaxolone is a known pharmaceutical agent that is used in the treatment of 
15 epilepsy and migraine. Its chemical name is (3alpha,Salpha)-3-hydroxy-3-methyl- 
pregnan-20-one. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 



I 



wo 03/034980 PCT/USO 1/43089 

3665 

CW196P 



Active agent delivery systems are often critical for the effective delivery of a 
biologicaUy active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, oiie would expect patient compliance to increase 
5 maricedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerfiil digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resoicinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Fuitheimore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to conuol the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spaco*, to the 

1 s gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a pepdde 
spacer, to the ganmia carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residuig in the large intestines. The 

20 released dexamethasone active agent, in umir was targeted to treat lar^ bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates die concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs* as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
5 to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalenl attachment of the active agent 
(ganaxolone) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching ganaxolone to 

10 the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising ganaxolone microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and ganaxolone 

covalently attached to the polypeptide. Preferably, the polypeptide is (i).an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
hetcropolymer of twp or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a hetcropolymer of two or more synthetic amino acids or (vi) a 

25 hetcropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Ganaxolone preferably is covalently attached to a side chain, the N-terminus or 
the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terroinus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently mached to the C-terminus of the polypeptide. In yet another 
5 preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
( terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaoeutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the confq)osition, the adjuvant 
preferably activates an intestinal transpoiter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
IS another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting ganaxolone from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering ganaxolone to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, ganaxolone is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, ganaxolone is released 
in a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another prefenred embodiment, the composition further comprises a 

microencapsulating agent and ganaxolone is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, ganaxolone is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, ganaxolone is released from the composition in a 
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sustained release. In yet another preferred embodiment* the composition furtl^r 
coii^jrises an adjuvant covalently attached to the polypeptide and release of the adjuvant 
from the composition is controlled by the polypeptide. The adjuvant can be 
microencapsulated into a carrier peptide-drug conjugate for biphasic release of active 
S ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching ganaxolone to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-caifaoxyanhydride 
(NCA). 

15 In a preferred embodiment, steps (a) and (b) arc repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, ganaxolone and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the ammo acid is glutamic acid and the active ^ent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

20 active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspaitic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid fiinctionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
3D The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIFnON OF INVENTION 

The present invention provides several benefits for active agent jlelivery. First, 
5 the invention can stabilize ganaxolone and prevent its digestion in the stomach. In 

addition, the pharmacologic effect can be prolonged by delayed release of ganaxolone. . 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Ganaxolone is the subject of DE 2162555 A (1972), WO 93/3732 (1993) - based 

on priority US application 745216 (1991), WO 93/5786 1993 - based on priority US 
appUcation 759512 (1991), and WO 94/27608 (1994)- based on priority US application 
68378 (1993), herein incorporated by reference, which describes how to make that drag. 

The composition of the invention comprises ganaxolone covalently attached to a 
15 polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

20 Proteins, oligopeptides and polypeptides are polymers of amino acids that have 

primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 

25 folding of the secondary structure and the spati jd arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
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m defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
5 protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 

10 refers to the energetic consequences of removing apolar groups from the protein interior 
and exposmg them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 

15 "pushed out" of the packed, hydrophobic protein core. All of ttese forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

20 Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 

peptide, it would require energy to unfold the peptide before the drug can be released 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded stale of a protein is favored by only 

25 . 5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 
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Cdnfonnational protection of active agents by proteins depends on the stability of 
the protein*s folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

5 Selection of the amino acids will depend on tiic physical properties desired. For 

instance, if increase in bulk or lipophilicity is desired, then die carrier polypeptide will be 
enriched in the amino acids in die table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
10 Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
IS be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
20 active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of tiiis invention is that chain 
25 length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, anotiier advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
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carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
5 macromolecular carrier for the covalent binding of drug for colon specific drug delivwy. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
10 aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur m the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
15 lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin Ba (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on case of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
20 molecular weight so that their condensation into a polypeptide is considered. For 

example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 



10 



wo 03/034980 



3674 



PCT/USOl/43089 

CW196P 



weight of 750 and aspirin would represent 24% of the total weight of die active agent 
delivery composition or over two times die maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drag with a molecular weight of 180 could 
S conceivably have a loading of 58%, although diis may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalendy 
attached to the N-terminus, die C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drag is a carboxylic acid (e.g., aspirin) then the N- 

10 terminus of die oligopeptide is die preferred point of attachment If the active agent is an 
amine (e.g., ampicillin), then die C-terminus is die preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-lerminu$ examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 

15 preferred point of attachment in order to achieve a stable composition. As in the example 
above where die alcohol, norethindrone, was oovalendy attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be reljeased finom the 

20 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma caiboxylate of glutamic acid 
and then this conjugate covalemly attached to die C-terminus of the peptide carrier. 
Because the glutamic acid-drag conjugate can be considered a dimer, this product adds 
two monomeric units to die C-terminus of the peptide carrier where die glutamic acid 

25 moiety serves as a spacer between the peptide and the drag as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drag moiety 
from the peptide carrier. The newly formed free amine of die glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 

30 the glutamic acid-drag dimer can be converted into the ganuna ester of glutamic acid N- 
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carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
5 acid-NCA's can be copolymerized with the ganuna ester glutamic acid NCA to impart 
specific properties to the dmg delivery systent 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycystcine, 

10 polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutanuc acid-drag dimer. This carrier peptide-drug conjugate is 
distinguished firom the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 

IS attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
20 attachment of naphthyiacetic acid to LH-RH, coumarinic acid to opioid peptides and 1 ,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, ganaxolone is covalently attached to the polypeptide via 
the hydroxyl group. 

25 The polypeptide carrier can be prepared using conventional techniques. A 

preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly prefeiied when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-ganaxolone conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Add^-termlniis conjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution canjthen be treated with diisopropylcarbodumide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperamre, the urea by-product filtered off. the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coi^ugation 

The peptide carrier cai> be dissolved in DMF under nitrogen and, cooled to O^C. 
The solution can then be treated with diisopropylcaibodiimide and hydfbxybenzotriazole 
followed by the amine bioactive agent. The reaction can tiicn be stirred for several hours 
at room temperature, die urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Conjugation 

In the following example the combination of the alcohol with triphosgene 
produces a chloroformate. which when reacted widi ttie N-terminus of the peptide 
produces a caibamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 
is then precipitated out in etiier. The crude product is suitably deprotected and purified 
using GPC. 

Otiier solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include (Umetiiylsulfoxidc, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y-Alkyl dutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice* For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 sevml hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyl Glutamate/C-Terminus Coiqugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of Alky I Glutamate-NC A 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS tte mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent ' 

Preparation of Poly[r>Alkyl Glutamate] 

y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and. range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 

5 ganaxolone covalendy attached to said polypeptide. 

2. The conq)osition of claim 1 wherein said polypeptide is an oUgopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

S* The composition of claim 1 wherein said polypeptide is a hoaidpolymer of a 
synthetic amino acid 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein ganaxolone is covalently attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition, of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said comix>sition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein ganaxolone is conformattonally 
protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
ganaxolone from said composition in a pH-dependent maimer. 

15 19. A method for protecting ganaxolone from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of ganaxolone from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
ganaxolone to said polypeptide. 

20 21. A method for delivering ganaxolone to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

ganaxolone covalently attached to said polypeptide. 

22. The method of claim 21 wherein ganaxolone is released from said 
23 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein ganaxolone is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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At)stract 

A composition comprising a polypeptide and ganaxolone covalently attached to 
the polypeptide. Also provided is a method for delivery of ganaxolone to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 ganaxolone covalently attached to the polypeptide. Also provided is a method for 
protecting ganaxolone from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of ganaxolone from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GANQCLOVIR 
AND METHODS OF MAKING AND USING SAME 

FTRLDQFTHE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to ganciclovir, as well as methods for 
protecting and administering ganciclovir. This novel compound, referred to as a 
CARRIERWAVE«« Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BArKGRQUND OF THE INVENTION 

Ganciclovir is a known pharmaceutical agent that is used in the treatment of 
15 cytomegalovims (CMV) retinitis in inununocompromised patients, including patients 
with acquired inununodeficiency syndrome (AIDS). It is both commercially available 
and readily manufactured using published synthetic schemes by those of ordinary skill in 
the art. Its structure is: 




CH^OCH 

^ \ 

CHgOH 



20 The novel phannaceudcal compound of the present invention is usefiil in 

accomplishing one or more of the following goals: enhancement of the chemical stability 

1 
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of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
5 agent, an adjuvant* or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
10 markedly if an active agent is administered orally in lieu of an injection or another 

invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
15 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cpUular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
20 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
25 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human . 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicart>oxylic acids, modified 
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amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

, Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately* tiiese technologies suffer from several 

5 shortcomings. Incorporation of die active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may con^ilicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release die active agent 

10 in bursts with littie active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active ageht release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
15 pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
20 pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalentiy 
attached direcdy to tiie beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
25 the dmg is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
30 linker. Thus, there has been no drug delivery system, heretofore reported, that 
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incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 

5 diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of n^roxen*linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high' 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 

10 ^plication* but absorption through the brush-border membrane of the intestines is limited 
to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covaient attachment of the active agent 
(ganciclovir) to a polymer of peptides or amino acids. The invention is distinguished 

IS from the above-mentioned technologies by virtue of covalently attaching ganciclovir to 
the N-terminus, the C-terminus or direcdy to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 

20 controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
25 comprising ganciclovir microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and ganciclovir 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
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hcteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropoiymer of two or more synthetic amino acids or (vi) a 
hcteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

5 Ganciclovir preferably is covalently attached to a side chain, the N-terminus or 

the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 

10 an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
15 microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, tiie adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingesteblc tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
20 conformationaUy protected by folding of tiie polypeptide about the active agent In 
anotfier embodiment, the polypeptide is capable of releasing tiie active agent fiom tiie 
composition in a pH-depcndent manner. 

The invention also provides a method for protecting ganciclovir from degradation 
comprising covalentiy attaching it to a polypeptide. 

25 The invention also provides a method for delivering ganciclovir to a patient, tiic 

patient being a human or a non-human animal, comprising administering to die patient a 
composition comprising a polypeptide and an active agent covalentiy attached to die 
polypeptide. In a preferred embodiment, ganciclovir is released from the composition by 
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an enzyme-catalyzed release. In another preferred embodiment, ganciclovir is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and ganciclovir is released from the composition by dissolution 

5 of the microencapsulating agent. In another preferred embodiment, ganciclovir is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, ganciclovir is released from the composition in a 
sustained release. In yet another preferred embodiment, the composition further 
comprises an adjuvant covalently attached to the polypeptide and release of the adjuvant 

10 from the composition is controlled by the polypeptide. The adjuvant can be 

microencapsulated into a carrier peptide-drug conjugate for biphasic release of active 
ingredients. 

. The invention also provides a method for prq>aring a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
15 comprises the steps of: 

(a) attaching ganciclovir to a side chain of an amino acid to form an active 
agent/anouno acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

20 (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, ganciclovir and a second active agent can be copolymerized in step (c). In another 

25 preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

30 cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
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carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
5 following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, fded August 22, 2000, . 
incorporated herein by reference. 

np jAn pn nFsrRiPT TON of INVENTION 

10 The present invention provides several benefits for active agent delivery. First, 

the invention can stabilize ganciclovir and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of ganciclovir. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of tfie active agent in the intestinal tract can be enhanced. The invention also 

IS allows targeted delivery of active agents to specifics sites of action. 

Ganciclovir is the subject of U.S. Patent Numbers 4^55,032. 4.423,050. 
4,507,305 and 4,642,346, herein incorporated by reference, which describes how to make 
that drug. 

The composition of the invention comprises ganciclovir covalentiy attached to a 
20 polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (u) a homopolymer of one 
of die twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a syntiietic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

25 Proteins, oligopeptides and polypeptides are polymers of amino acids that have 

primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
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conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
5 the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves* amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
10 protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 

15 refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 

20 **pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

25 Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 

peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
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S-IS kcal/mote over the unfolded state. Nonetheless* protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or confornuUion processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
5 chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

10 Selection of the amino acids will depend on the physical properties desired. For 

instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controUed peptide unfolding. 
IS Aspartic acid, glutamic acid and tyrosine carry a neutral charge in die stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize^n the stomach and are neutral in an alkaline environment. 

Other factors such as tc-ti interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
20 be used to select the optimum amino acid sequence for a given ^plication. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and teitiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutanuc acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
25 active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
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active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized m conceit with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
5 that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled bTy the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
10 macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
15 aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
20 lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 
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TABLE 



Amino acid MW Active agent MW 

Glycine 57- Acetaminophen 151 

Alanine 71 Vitamin 85 (Pyroxidine) 169 

Valine 99 Vitamin C (Ascoibic acid) 176 

Leucine 113 Aspirin 180 

Isoleucine 113 Ibuprofen 206 

Phenylalanine 147 Retinoic acid 300 

Tyrosine 163 Vitamin B2 (Riboflavin) 376 

Vitamin D2 397 

Vitamin E (Tocopherol) 431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is unportant for the selected active agents, which were select^ based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 

5 molecular weight so that their condensation into a polypeptide is considered. For 

example, a decamer of glycine (MW=:588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 

10 groups of decagiutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminas, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 

15 selection. For instance, if the active drug is a carboxylic acid (c.g.. aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amme (e.g., ampicillin). then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 

20 If the active agent is an alcohol, then either the C-tenninus or the N-terminus is the 

preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norcthindrone, was covalently attached to 
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poly(hydroxypropylg]utainineX an alcohol can be converted into an alkylchlorofonnate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

5 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds * 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

10 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, ^ 
the glutamic acid-dmg dimer can be converted into the ganuna ester of glutamic acid N- 

15 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 

20 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

25 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-diug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the dmg 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

30 alimentary tract can affect release. 
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The active agent can be covalently attached to the N-terminus, the C-tennittus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1.3- 
5 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, ganciclovir is covalently attached to the polypqitide via- 
the hydroxyl group. 

The polypeptide carrier can be prepared using conventional techniques. A 
10 piefened technique is copolymerization of mixtures of amino acid N-caiboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
IS and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid conqilex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
20 epitbelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
25 transported substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
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mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
5 particularly preferred when using an otherwise poorly absorbed active agent Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate * 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

10 I*referably, the resultant peptide-ganciclovir conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-terminus coiuugfftion 

15 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 

20 dialysis. 

Amine/C-terminiis coiyugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
25 at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohoi/N-Terminus Conjugation 
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hk the following example the combination of the alcohol with triphosgene 
produces a chloroformate» which when reacted with the N-tenninus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DI^ under nitrogen. The suitably protected p^tide carrier is then 
S added slowly and the solution stirred at room temperature for several hours. The product 
is then precipitated out in ether. The crude product is suitably defrntected and purified 
using GPC. 

Other solvents, activating agents, cocataiysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
10 solvents such as chloroform. Examples of other activating agents include 

dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
diroethylaminopyridine, triethylamine or tributylamine. 

Preparatioii of y* Alky 1 Glutamate 

15 There have been over 30 different y-alkyl glutamates prepared any one of which 

may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

20 'y^Alkyl Glutamate/C-Temiiniis Corrugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 

25 precipitated out in ether and purified using GPC or dialysis. 
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Preparation of T^Alkyl GIutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NC A product, 
which is filtered, dried and recrystallized from a suitable solvent 

Preparation of PoiylY-All^yl Glutamate] 

Y-Alkyl glutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments* 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

L A pharmaceutical composition comprising: 
a polypeptide; and 
5 . ganciclovir covalently attached to said polypeptide. 

2. The composition of claim i wherein said polypeptide is an oligopeptide. 

3. The composition of claim i wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim I wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein ganciclovir is covalentiy attached to a 
side chain, the N-ternunus or die C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a nnicroencapsulating agent. 

20 10. The composition of claim 9 wherein said microcnc^sulating agent is 

selected from ttie group consisting of polyediylenc glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim I further comprising an adjuvant 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceuticallyaccepuble 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said con^sition is in the form of an 
intravenous preparation. 

16. The conqx)sition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17« The composition of claim 1 wherein ganciclovir is confohnationally ' 
protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is csq)able of releasmg 
ganciclovir from said composition in a pH-dependent manner. 

IS 19. A method for protecting ganciclovir from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of ganciclovir from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
ganciclovir to said polypeptide. 

20 21. A method for delivering ganciclovir to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

ganciclovir covalently attached to said polypeptide. 

22. The method of claim 21 wherein ganciclovir is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein ganciclovir is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

25. The method of claim 21 wherem said composition fuitber comprises an 
adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 



10 Abstract 

A composition comprising a polypeptide and ganciclovir covalenUy attached to 
the polypeptide. Also provided is a method for delivery of ganciclovir to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
ganciclovir covalentiy attached to tiic polypeptide. Also provided is a mettiod for 
15 protecting ganciclovir from degradation comprising covalentiy attaching it to a 

polypeptide. Also provided is a metiiod for controlling release of ganciclovir from a 
composition comprising covalenUy attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GANTOFIBAN 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 



a polypeptide that is preferably covalently attached to gantofiban, as well as methods for 
protecting and administering gantofiban. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA). has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 
10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Gantofiban is a known pharmaceutical agent that is used in the treatment of 
15 thrombosis and angina. Its chemical name is 4-[[(SR>3-[4-[imino[(methoxycarbonyl) 
amino]niethyl]phenyl]-2-oxo-S-oxazolidinyl]methyl]-l-piperazineacetic acid ethyl ester 
2-hydroxy-l,2,3-propanetricarboxylate (1:1. Its structure is: 



20 accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
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The present invention relates to a novel pharmaceutical compound that comprises 




The novel pharmaceutical compound of the present invention is useful in 
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compound may contain one or more of the following: another active pbannaceutical 
agent, an adjuvant* or an inhibitor. . 

Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
5 systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
10 reduce the number of dosages required which could improve patient conq)lianoe. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
IS cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

20 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 

25 through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release propeities 
to active agent substances. Unfortunately, these technologies suffer from several 
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shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on*the water solubility of the active agent Conversely, water-soluble 
5 microspheres swell by an infinite degree and, unfortunately, may release the active a^nt 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

10 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

IS administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals mclude: linking of norethindrone, via a hydioxypropyl spacer, to the 
gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been oovalendy 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 

20 This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 

2S active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to conurol the molecular weight, molecular size and particle 
30 size of the active agent delivery system. Variable molecular weights have unpredictable 
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diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
S Panicle size not only becomes a problem with injectable drugs, as in the HAR 

application, but absorption through the brush-border membrane of the intestines is limited 
to less than 5 microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
10 (gantofiban) to a polymer of peptides or amino acids, the invention is distinguished 
from the above-mentioned technologies by virtue of covalcntly attaching gantofiban to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
15 conformational protection. In these applications, delivery of the active agent is 

controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

20 Alternatively, the present invention provides a pharmaceutical composition 

comprising gantofiban microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and gantofiban 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
25 heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 
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The composition of the invention can also include one or moie of a 
microencapsulating agent, an adjuvant and a phannaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt! When an adjuvant is included in the composition, the adjuvant 
5 preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
10 conqx>$ition in a pH-dependent manner. 

The invention also provides a method for protecting gastrin 17 immunogen finom 
degradation comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering gastrin 17 inununogen to a 
patient, the patient being a human or a non-human animal, comprising administering to 

IS the patient a composition comprising a polypeptide and an active a^nt covalently 
attached to the polypeptide. In a preferred embodiment, gastrin 17 immunogen is 
released from the composition by an enzyme-catalyzed release. In another preferred 
embodiment, gastrin 17 immunogen is released in a time-dependent manner based on the 
pharmacokinetics of the enzyme-catalyzed release. In another preferred embodiment, the 

20 composition further comprises a microencapsulating agent and gastrin 17 inununogen is 
released from the composition by dissolution of the microencapsulating agent. In another 
preferred embodiment, gastrin 17 inununogen is released from the composition by a pH- 
dependent unfolding of the polypeptide. In another preferred embodiment, gastrin 17 
inununogen is released from the composition in a sustained release. In yet another 

25 preferred embodiment, the composition further comprises an adjuvant covalently attached 
to the polypeptide and release of the adjuvant from the composition is controlled by the 
polypeptide. The adjuvant can be microencapsulated into a carrier peptide-drug 
conjugate for biphasic release of active ingredients. 
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The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching gastrin 17 tmmunogen to a side chain of an amino acid to form an active 
s agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydiide (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

10 In a preferred embodiment steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, gastrin 17 immunogen and a second active agent can be copoiymerized in step (c). 
In another preferred embodiment, the amino acid is glutamic acid and the active a^nt is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

IS wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, aspamgine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amifio acid to form an amide, a thioester, an ester, an ether, a urethane, a 

20 carix)nate, an anhydride pr a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfliydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
25 The general applications of this invention to other active pharmaceutical agents is 
. described in U.S. Patent Application Serial Number 09/642,820. filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
30 the invention can stabilize gastrin 17 inununogen and prevent its digestion in the 
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stomach. In addition, the phaimacoiogic effect can be prolonged by delayed release of 
gastrin 17 immunogen. Furthennore, active agents can be combined to produce 
synergistic effects. Also, absorption of the active agent in the intestinal tract can be 
enhanced. The invention also allows targeted delivery of active agents to specifics sites 
5 of action. 

Gastrin 17 immunogen is the subject of U.S. Patent Numbers 5622702. 5785970. 
5607676, and 5609870. herein incorporated by reference, which describes how to make • 
that drug. 

The composition of the invention comprises gastrin 17 immunogen covalently 
10 attached to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a 

homopolymer of one of the twenty naturally occurring amino acids, (iii) a heteropolymer 
of two or more naturally occurring amino acids, (iv) a homopolymer of a synthetic amino 
acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic anoino acids. 

15 Proteins, oligopeptides and polypeptides are polymers of amino acids that have 

primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 

20 folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a . 
25 particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 
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The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

5 and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding ui the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protem fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out'* of the packed, hydrophobic protein core. All of these forces combine and 

10 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of die protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core ±at has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
IS peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfoldmg process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
20 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
25 the protein's folded state and the thermodynamics associated with the agent's 

decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
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enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino ^ids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stonuu:h, but will 
5 ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as k-k interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
10 the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particulariy useful if a 
IS synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 

20 of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
canrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymHtic hydrolysis of the key bond 

25 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromoleculaf carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
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weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran« this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 

Amino acid MW Active agent MW 



Glycine 57 Acetaminophen 151 

Alanine 71 Vitamin Be (Pyroxidine) 169 

Valine 99 Vitamin C (Ascocbic acid) 176 

Leucine 113 Aspirin 180 

Isoleucine 113 Ibupiofen 206 

Phenylalanine 147 Rctinoicacid 300 

Tyrosine 163 Vitamin B2 (Riboflavin) 376 

Vitamin D2 397 

Vitamin E (Tocopherol) 431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 
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The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the fuKtional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 

5 terminus of the oligopeptide is the preferred point of attachment If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-terminus exanq>les, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 

10 preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydn)xypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 

15 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 

20 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. btestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 
. 25 the glutaiSic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
' carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 

30 acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 
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The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine. 
polytyrosine, polythieonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-dnig conjugate is 
distinguished ftom the prior art by virtue of the fact that the primary release of the drug 
moiety relics on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
aUmentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-teiminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
conqK>unds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacctic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As anotiier example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In ttie present invention, gastrin 17 immunogen is covalentiy attached to tiie 
polypeptide via a peptide bond. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydridcs. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has tiie potential of stabilizing the 
polypeptide furtiier. Stabilizers such as sugar, amino acids, polyeOiylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In anotiier embodiment of tiic 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 
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There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asynunetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 

5 adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport The mechanisms can depend on hydrogen ions, 

10 sodium ions, binding sites or other cofactors. The invention also allows tar^ting the 
mechanisms for intestinal epithelial transport systems to facilitate absorfMdon of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent Addition of an adjuvant is 
15 particularly preferred when using an otherwise poorly absorbed active agent Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant peptide-gastrin 17 immunogen conjugate is formulated 

into a tablet using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-tenninus coi^ugiition 

25 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
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precipitated out in ether and purified using gel permeation chromatography (GPQ or 
dialysis. 

Amine/C-terminus c9^jiigation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
S The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohd/N-Temiinus Coqjugation 

10 In the following example the combination of the alcohol with triphosgene 

produces a chlorofommte, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

15 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
20 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyricUne, 
dimethylaminopyridine, triethylamine or tributylamine. 

Preparation rf'f Alkyl Glutamate 

There have been over 30 different y-alkyl glutamatcs prepared any one of which 
25 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
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several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized fibm hot water. 

Y-Alkyl Glutamate/C Jerminus Coiijugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to OPC. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the Y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl Glutamate-NCA 

Y- Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NC A product, 
which is filtered, dried and recrystallized from a suitable solvent 

Preparatton of P6ly[Y-Alkyl Glutamate] 

T^Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition conq)rising: 
a polypeptide; and 

5 gastrin 17 inmiunogen covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. . 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim I wherein gastrin 17 immunogen is covalently 
attached to a side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent 

20 . 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from tiw group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
to * oral suspension. 

17. The composition of claim 1 wherein gastrin 17 inununogen is 
conformationally protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
gastrin 17 inmiunogen from said composition in a pH-dependent manner. 

15 19. A method for protecting gastrin 17 immunogen from degradation comprising 

covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of gastrin 17 immunogen from a 
composition wherein said composition comprises a polypeptide, said method comprising 
covalently attaching gastrin 17 inununogen to said polypeptide. 

20 2 1 . A method for delivering gastrin 1 7 immunogen to a patient comprising 

administering to said patient a composition comprising: 
a polypeptide; and 

gastrin 17 inununogen covalently attached to said polypeptide. 

22. The method of claim 21 wherein gastrin 17 immunogen is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gastrin 17 inmiunogen is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gastrin 17 immunogen covaiently 
attached to the polypeptide. Also provided is a method for delivery of gastrin 17 
immunogen to a patient comprising administering to the patient a composition 
5 comprising a polypeptide and gastrin 17 immunogen covaiently attached to the 
polypeptide. Also provided is a method for protecting gastrin 17 immunogen from 
degradation comprismg covaiently attaching it to a polypeptide. Also provided is a 
method for controlling release of gastrin 17 immunogen from a conqx>sition comprising 
covaiently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GEMCITABINE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to ^mcitabine, as well as methods 
for protecting and administering gemcitabine. This novel compound, referred to as a 
CARRIERW AVETM Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness* 

BACKGROUND OF THE INVENTION 

Genftitabine is a known pharmaceutical agent that is used in the treatment of — 
15 Its chemical name is . Its structure is: 



The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhanceimnt of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
20 product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
25 biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
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invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient conq)llance. 

Absorption of an orally administered active agent is often blocked by the harshly 
5 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
lesoitinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of • 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
10 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceiOticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

15 aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and giutaric acid are used to provide timed release of hiunan 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

20 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies in^arts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
2S reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
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unreliable. For example, an enterically coated active agent depends on pH to release the 
active ag^nt and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

5 require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-diug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the dnig and, as such, are not used for oral 
administration. Exaimples of timed and targeted release of injectable or subcutaneous > 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

10 gamma caiboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma.carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrag formulation was designed as a colon-specific drug delivery system where 
the dnig is released by bacterial hydrolytic enzymes residing in the large intestines. The 

IS released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstreanL Yet another technology 
combines the advantages of covalent dmg attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, diere has been no drug delivery system, heretofore reported, that 

20 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers arc digested slowly 

25 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 

30 to less than 5 microns. 
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SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent (xxxxx) to 
a polymer of peptides or amino, acids. The invention is distinguished from the above- 
mentioned technologies by virtue of covaiently attaching gemcitabine to the N-terminus, 

5 the C-terminus or directly to the amino acid side chain of an oligopeptide or polypeptide, 
also referred to herein as a carrier peptide. In certain implications, the polypeptide will 
stabilize the active agent, primarily in the stomach, through conformational protection. * 
In these {^plications, delivery of the active agent is controlled, in part, by the kinetics of 
unfolding of the carrier peptide. Upon entry into the upper intestinal tract, indigenous 

10 enzymes release the active ingredient for absorption by the body by selectively 

hydrolyzing the peptide bonds of the carrier peptide. This enzymatic action introduces a 
second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising gemcitabine microencapsulated by a polypeptide. 

15 The invention provides a composition con^rising a polypeptide and gemcitabine 

covaiently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

20 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Gemcitabine preferably is covaiently attached to a side chain, the N-terminus or 
the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covaiently attached to the N-terminus of the polypeptide. In 
2S another preferred embodiment, the active agent is an amine and is covaiently attached to 
the G-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covaiently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covaiently attached to the N- 
terminus of the polypeptide. 



4 



wo 03/034980 



3725 



PCT/USOl/43089 
CW200P 



The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a saltl When an adjuvant is included in the composition, the adjuvant 
5 preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tabLt, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
10 composition in a pHnlependent manner. 

The invention also provides a method for protecting gemcitabine from 
degradation comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering gemcitabine to a patient, (he 
patient being a human or a non-human animal, comprising administering to the patient a 

IS composition coiiq>rising a polypeptide and an active ag^nt covalently attached to the 
polypeptide. In a preferred embodiment, gemcitabine is released from the conqK>sition 
by an enzyme-catalyzed release. In another preferred embodiment, gemcitabine is 
released in a time-dependent manner based on the pharmacokinetics of the enzyme- 
catalyzed release. In another preferred embodiment, the composition further comprises a 

20 microencapsulating agent and gemcitabine is released from the composition by 
dissolution of the microencapsulating agent. In another preferred embodiment, 
gemcitabine is released from the composition by a pH-dependent unfolding of the 
polypeptide. In another preferred embodiment, gemcitabine is released from the 
composition in a sustained release. In yet another preferred embodiment, the 

25 composition further comprises an adjuvant covalently attached to the polypeptide and 
release of the adjuvant from the composition is controlled by the polypeptide. The 
adjuvant can be microencapsulated into a carrier peptide-drug conjugate for biphasic 
release of active ingredients. 
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The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method . 
comprises the steps of: 

(a) attaching gemcitabine to a side chain of an amino acid to form an active 
5 agent/amino acid complex; 

(b) fonning an active agent/amino acid complex N-caifooxyanhydride (NC A) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

10 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, gemcitabine and a second active agent can be copolymerized in step (c). In 
another preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

IS wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment* the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a methane, a 

20 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
25 The general applications of this invention to other active pharmaceutical agents is 

described in U.S. Patent AppiicaUon Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

HFTAn FO OFSCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
30 the invention can stabilize gemcitabine and prevent its digestion in the stomach. In 
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addition, the pharmacologic effect can be prolonged by delayed release of gemcitabine. 
Furthermore, active agents can be combined to produce synergistic effects. Also* 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

5 Gemcitabine is the subject of U.S. Patent Number yyyyy» herein incorporated by 

reference, which describes how to make that drug. 

The composition of the invention comprises gemcitabine covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
10 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
IS local confomtiation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein*s amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

20 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 

25 protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 
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The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions^.hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

5 and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bondsareformedattheexpenseof hydrogen bonds with water. Water molecules are 
"pushed out'* of the packed, hydrophobic protein core. All of these forces combine and 

10 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
15 peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting tenqperature of the protein. The heat of hydration is 
a destabilization of a protem. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
20 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of iireversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
25 the protein's folded state and the thermodynamics associated with the agent's 

decomposition. Conditions necessary for the agent*s decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or iipophilicity is desired, then the carrier polypeptide will be 
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enriched in the amino acids in the table provided below. Polar amino acids» on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding* 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
S ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
10 the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondairy and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
IS synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, Ipw molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 

20 of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 

25 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
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weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran. this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
5 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino ficid 


MW 


Active? ^igept 


' MSL 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin 85 (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


nienylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin P2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 

15 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an Nr or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

20 conceivably have a loading of 58%, although this may not be entirely practical. 
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The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-temunus, the C*terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachimnt depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 

S terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 

10 preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 

15 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the ganmia caiboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 

20 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Hg. S. Alternatively, 

25 the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 

30 acid-NCA's can be copolymerized with the ganuna ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 
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The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include* but are not 
limited to, polylysine, polyasparagine, polyarginine. polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

5 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This canier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

10 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
15 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, gemcitabine is covalently attached to the polypeptide via 
the zzzzzzz. 

The polypeptide carrier can be prepared using conventional techniques. A 
20 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
. polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
25 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 
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There is evidence that hydiopbiiic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynmietric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the rnembrane transport system will involve some sort of specialized 

5 adjuvant resulting in localized delivery of active agents. There are seven known 
intestmal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 

10 sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvai^ts to enhance the bioaviulability of the active agent. Addition of an adjuvant is 
IS particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant peptide-gemcitabine conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-tenninus coi\jugation 

25 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off. the product 
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precipitated out in ether and purified using gel permeation chromatogrsy)by (GPC) or 
dialysis. 

Amine/C-terminus coi^ugatioii 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

AlcohoUN-Tenninus Coqjiigation 

10 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

15 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases caii be used. Examples of 
other solvents mclude dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
20 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 

Preparation of y-AIkyl Glutamale 

There have been over 30 different y-alkyl glutamates prepared any one of which 
25 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
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several hours. The Y-alkyl glutamate product can be precipitated out in acetone* filtered, 
dried and recrystallized from hot water. 

Y-Alkyl Glutamatc/C-Terminiis Coqjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl Glutamate-NCA 

10 y-Alkyl glutamate can be suspended in dry THF where triphosgenc is added and 

the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent 

Preparation <tfPoly[y-Alkyl Glutamate] 

IS Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 

a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
20 the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

gemcitabine covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein gemcitabine is covalently attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

10. The composition of claim 9 wherein said microencapsulating agent is 
selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 



16 



wo 03/034980 



3737 



PCT/USO 1/43089 

CW200P 



12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

1 3. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

(5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein gemcitabine is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
gemcitabine from said composition in a pH-dependent manner. 

15 19. A method for protecting gemcitabine from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of gemcitabine from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaciung 
gemcitabine to said polypeptide. 

20 2 1 . A method for delivering gemcitabine to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

gemcitabine covalently attached to said polypeptide. 

22. The method of claim 21 wherein gemcitabine is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gemcitabine is released fh>m said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 2 1 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is coiftroUed by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gemcitabine covalently attached to 
the polypeptide. Alsaprovided is a method for delivery of gemcitabine to a patient 
comprising administering to the patient a con4x>sition comprising a polypeptide and 
5 gemcitabine covalently attached to the polypeptide. Also provided is a method for 
protecting gemcitabine from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of gemcitabine from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GEMFIBROZIL 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel phannaceutical compound that comprises 

a polypeptide that is preferably covalently attached to gemfibrozil, as well as methods for 
protecting and administering genifibrozil. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA). has the benefit of taking a known 
effective phannaceutical agent that is both weU studied and occupies a known segment of 

10 the pharmaceutical maricet, and combining it with a carrier compound that enhances the 
usefiihiess of the pharmaceutical agent without conq[)n>mismg its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Gemfibrozil is a known pharmaceutical agent that is used m the treatment of 
15 hyperlipidcmia. Its chemical name is 5-(2,5-dimethylphenoxy)-2.2-dimethylpentanoic 
acid. Its structure is: 




The novel phannaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant* or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or anoth^ 
invasive technique. Increasing the stability of the active agent* such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
to acidic stomach milieu, powerfiil digestive enzymes in the GI tract, permeability of 
ceUular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradatim of the 
15 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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lepioducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
niicrospheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and die active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, arc not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropy! spacer, to the 

IS gamma carboxylate of polyglutamic acid; and Imking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the dmg is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
5 to less than S microns. 

5S! JMM AR Y OF THE INVENTION 

The present invention provides covalenl attachment of the active agent 
(gemfibrozil) to a polymer of peptides or amino acids. The invention is distinguished 
fiom the above-mentioned technologies by virtue of covalently attaching gemfibrozil to 

10 the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanisnL 

Alternatively, the present invention provides a pharmaceutical composition 
comprising gemfibrozil microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and gemfibrozil 

covalendy attached to the polypeptide. Preferably, tiie polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Gemfibrozil preferably is covalenUy attached to a side chain, the N-tenninus or 
the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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caiboxylic acid and is covaientiy attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an aniinc and is covaientiy attached to 
the C-tenninus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covaientiy attached to the C-terminus of the polypeptide. In yet anodier 
5 preferred embodiment, the active agent is an alcohol and is covaientiy attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting gemfibrozil from degradation 
comprising covaientiy attaching it to a polypeptide. 

The invention also provides a method for delivering gemfibrozil to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covaientiy attached to the 
polypeptide. In a preferred embodiment, gemfibrozil is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, gemfibrozil is released 
in a time-dependent nuumer based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and gemfibrozil is released from the composition by 
dissolution of the microencapsulating agent. In another preferred embodiment, 
gemfibrozil is released from the composition by a pH-dependent unfolding of the 
polypeptide. In another preferred embodiment, gemfibrozil is released from the 
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composition in a sustained release. In yet another preferred embodiment, the 
composition further comprises an adjuvant covalently attached to the polypeptide and 
release of the adjuvant from the composition is controlled by the polypeptide. The 
adjuvant can be microencapsulated into a carrier peptide-drug conjugate for biphasic 
5 release of active ingredients. 

^ The invention also provides a method for preparing a composition comprising i 

^ polypeptide and an active agent covalently attached to the polypeptide. The method 
conqnises the steps of: 

(a) attaching gemfibrozil to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active a^nt/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-caiboxyanhydride 

(NCA). 

IS In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, gemfibrozil and a second active agent can be copolymerized ui step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

20 active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain oif the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applicsltions of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642.820, filed August 22. 2000. 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First. 
5 the invention can stabilize gemfibrozil and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of gemfibrozil 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Gemfibrozil is die subject of GB 1225575 (1971). priority based on tIS 

^plic^on 73046 (1968), herein incorporated by reference, which describes how to make 
that drug. 

The composition of the invention comprises gemfibrozil covalendy attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
15 of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or ( vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
20 primary, secondary and tertiary structures. The secondary stmcture of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
nims. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
25 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
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paiticular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid dian an oil drop and so the best 
5 model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and tiie hydrophobic effect Considering protein stability, die hydrophobic effect 
refers to tiie energetic consequences of removing apolar groups from ttie protein ulterior 

10 and exposing ttwm to water. Comparing die energy of amino acid hydrolysis with 
protein unfolding in tiie solid reference state, tiie hydrophobic effect is die dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds wifli water. Water molecules are 
"pushed out" of die packed, hydrophobic protein core. All of tiiese forces combine and 

15 contribute to die overall stability of the folded protein where die degree to which ideal 
packing occurs determines die degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent 

Since it is likely that lipophilic drugs would reside in die hydrophobic core of a 
20 peptide, it would require energy to unfold the peptide before die drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating die 
amino acids or achieving die melting temperature of die protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
25 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 
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Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

5 Selection of the amino acids will depend on the physical properties desired. For 

instance, if increase in bulk or lipophiUcity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
10 Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Odier factors such as K-n interactions between aromatic residues, kinldng of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
15 be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
20 active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agen^ is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
25 length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
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carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
5 maciomolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
dmg absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
10 aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
15 lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 

Amino acid MW Active agent MW 



Glycine 57 Acetaminophen 151 

Alanine 71 Vitamin Be (Pyroxidine) 169 

Valine 99 Vitamin C (Ascorbic acid) 176 

Leucine 113 Aspirin 180 

Isoleucine 113 Ibuprofen 206 

Phenylalanine 147 Retinoicacid 300 

Tyrosine 163 Vitamin B2 (Riboflavin) 376 

Vitamin D2 397 

Vitamin E (Tocopherol) 43 1 



Lipophilic amino acids arc preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
20 molecular weight so that their condensation into a polypeptide is considered. For 

example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
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weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drag with a molecular weight of 180 could 
5 conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or caiboxylic acid group of an active agent may be covaleiidy 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on die functional group 
selection. For instance, if the active drug is a caiboxylic acid (e.g., aspirin) then the N- 

10 tenninus of the oligopeptide is the prefenned point of attachment If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-teiminus or the N-terminus is the 

15 preferred point of attachment in order to achieve a stable conq>osition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 

20 peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma caiboxylate of glutamic acid 
and then this conjugate covalently attached to die C-terminus of the peptide carrier. 
Because flie glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where die glutamic acid 

25 moiety serves as a spacer between the peptide and die drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from die peptide canier. The newly formed free amine of tiic glutamic acid residue will 
then undergo an intramolecular transamination reaction, tiiereby, releasing the active 
agent witii coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 

30 the glutamic acid-drug dimer can be converted into the ganrnia ester of glutamic acid N- 
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carboxyanhydride. This intennediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the earner peptide can be achieved. In addition, other amino 
5 acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for otiier polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyar^nine. polyserine, polycysteine, 

10 polytyrosine,polyUireonineandpolyglutamine. The naechanism can translate to tiiese 
polypeptides tiirough a spacer or linker on die pendant group, which is terminated, 
preferably, by die glutamic acid-drug *mer. This carrier peptide-drug conjugate is 
distinguished from tiw prior art by virtue of die fact diat die primary release of die drag 
moiety reUes on peptidases and not on esterases. Alternatively, die active agent can be 

15 attached directiy to «» pendant group where some odier indigenous enzymes in die 
alimentary tract can affect release. 

The active agent can be covalently attached to die N-terminus, die C-terminus or 
die side chain of die polypeptide using known techniques. Examples of linking organic 
compounds to die N-terminus type of a peptide include, but are not Umited to, die 
20 attachment of naphdiylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1 ,3- 
diaU^l-3-acyitriazenes to tetragastrin and pentagasttin. As anodier example, tiiere are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, {^mfibrozU is covalendy attached to die polypeptide via 
the carbox^c acid group. 

25 The polypeptide carrier can be prepared using conventional techniques. A 

preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide syndiesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asynunetrically to cofactors. Thus, one can expect 

to that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

15 associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers. which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
2S . absorption of the peptides. 

Preferably, the resultant peptide-gemfibrozil conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus coqjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the aniine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
^ precipitated out in ether and purified using gel permeation chron)at6grs4>hy (GPC) or 
* dialysis. 

Aiiiine/C*tennuius coi^ugation 

The peptide earner can be dissolved in DMF under nitrogen and cooled to (PC. 
10 The solution can then be treated with diisopropylcarbodiiniide and hydioxybenzotiiazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room tenqierature, the urea by-product filtered off, and the product precipitated out in 
eth^ and purified using GPC or dialysis. 

Alcohol/N-Tenninus Coi^ugation 

IS In the foUowmg example the combmation of the alcohol with triphos^e 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The cnide product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 



PCT/USOl/43089 
CW201P 



14 



wo 03/034980 



3754 



PCTAJSOl/43089 
CW201P 



Preparation of f-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
S several hours. The T^alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyl GIutaniate/C-Terminus Conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to OPC. 
The solution can then be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent The reaction can then bestirred fdr 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of Y-Alkyl GIutamate-NCA 

T^Alkyl glutamate can be suspended in dry THF where triphosg^ne is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent.' 

Prqiaration of P6ly[Y-Alkyl Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A phannaceutical composition comprising: 
a polypeptide; and 

5 gemfibrozil covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The conqx>sition of claim I wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic aniino acids. 

8. The composition of claim 1 wherein gemfibrozil is covalently attached to a 
side chain, the N-tcrminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transpoiter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein gemfibrozil is confonnationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
gemfibrozil from said conqx>sition in a pH-dependent manner. 

15 19. A method for protecting gemfibrozil from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of gemfibrozil from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
gemfibrozil to said polypeptide. 

20 21. A method for delivering gemfibrozil to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

gemfibrozil covalently attached to said polypeptide. 

22. The method of claim 21 wherein gemfibrozil is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gemfibrozil is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sust^dned release. 

25. The method of claim 21 wherein said composition further comprises an 
adjuvant covalenUy attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gemfibrozil covalently attached to 
the polypeptide. Also provided is a method for delivery of gemfibrozil to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
5 gemfibrozil covalently attached to the polypeptide. Also provided is a method for 
protecting gemfibrozil from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of gemfibrozil from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING 
GENTAMICIN ISOTON AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

The present invention relates to a novel phannaceutical compound that comprises 
a polypeptide that is preferably covalently attached to gentamicin isoton, as well as 
methods for protecting and administering gentamicin isoton. This novel compound, 
referred to as a C ARRIERWAVE™ Molecular Analogue (CMA), has the benefit of 
taking a known effective pharmaceutical agent that is both well studied and occupies a 
known segment of the pharmaceutical market, and combining it with a carrier compound 
that enhances the usefulness of the pharmaceutical agent without compromising its 
pharmaceutical effectiveness. 

BACKGROUND OF THE INVENTION 

Gentamicin isoton is a known pharmaceutical agent that is used in the treatment 
of bacterial infections and muscular dystrophy. It is both conmieicially available and 
readily manufactured using published synthetic schemes by those of onUnary skill in the 
art. Its structure is: 
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The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
5 and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the ^propriate target The importance of these 

10 systems becomes magnified when patient conq[>liance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of tte active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and periiaps even 

15 reduce the number of dosages required which could improve patient complismce. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
20 cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

25 Active agent delivery systems also provide the ability to control the release of the 

active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
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through microencapsulation of the active agent in aniides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
5 to active agent substances. Unfortunately, these technologies suffer from several 
^ shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
* microencapsulating niatrix, which may not be quantitative and nmycomp 

reproducibility. In addition, encapsulated drugs rely on diffusion out of die matrix* which 
is highly dependant on iht water solubility of die active agent. Conversely, water-soluble 
10 microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with Uttie active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release die 
active agent and, as such, is difficult to control die rate of release. 

15 In the past, use has been made of amino acid side chains of polypeptides as 

pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 

20 administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganuna carbamide of polyglutamine. Dexamethasone has been covalentiy 
attached direcUy to the beta carboxylate of polyaspartic acid without a spacer group. 

23 This prodrug formulation was designed as a colon-specific drug delivery system where 
die drug is released by bacterial hydrolytic enzymes residing in tiie large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet anotiier technology 
combines die advantages of covalent drug attachment widi liposome formation where die 
30 active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
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linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight* molecular size and particle 
S size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 

10 Particle size not only becomes a problem with injectable drugs, as in the HAR 

s 

application, but absorption through the brush-border membrane of the intestmes is limited 
to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
15 (gentamicin isoton) to a polymer of peptides or amino acids. The invention is 

distinguished from the above-mentioned technologies by virtue of covalently attaching 
gentamicin isoton to the N-terminus, the C-terminus or directly to the amino acid side 
chain of an oligopeptide or polypeptide, also referred to herein as a carrier peptide. In 
certain applications, the polypeptide will stabilize the active agent, primarily in the 
20 stomach, through conformational protection. In these applications, delivery of the active 
agent is controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry 
into the upper intestinal tract, indigenous enzymes release the active ingredient for 
absorption by the body by selectively hydrolyzing the peptide bonds of the carrier 
peptide. This enzymatic action introduces a second order sustained release mechanism. 

25 Alternatively, the present invention provides a pharmaceutical composition 

comprising gentamicin isoton microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and gentamicin 
isoton covalently attached to the polypeptide. Preferably, the polypeptide is (i) an 
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oligopeptide, (ii) a homopolymer of one of the twenty naturally occurring amino acids, 
(iii) a hetetopolymer of two or more naturally occurring amino acids, (iv) a homopolymer 
of a synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or 
(vi) a heteropolymer of one or more naturally occurring amino acids and one or more 
5 synthetic amino acids. 

Gentamicin isoton preferably is covalently attached to a side chain, the N- 
terminus or the C-temiinus of the polypeptide. In a preferred embodiment, the active 
agent is a catboxylic acid and is covalently attached to the N-terminus of the polypqytide. 
In another preferred embodiment, the active agent is an amine and is covalently attached 
10 to the C-terminus of the polypeptide. In another preferred embodiment, the active agent 
is an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet 
another preferred embodiment, the active agent is an alcohol and is covalently attached to 
the N-terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
15 microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
20 an intravenous preparation or an oral suspension. The active agent can be 

conformationally protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active ^gent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting gentamicin isoton from 
25 degradation comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering gentamicin isoton to a 
patient, the patient being a human or a non-human animal, comprising administering to 
the patient a composition comprising a polypeptide and an active agent covalently 
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attached to the polypeptide. In a preferred embodiment, gentamicin isoton is released 
from the composition by an enzyme-catalyzed release. In another preferred embodiment, 
gentamicin isoton is released in a time-dependent manner based on the pharmacokinetics 
of the enzyme-catalyzed release. In another preferred embodiment, the composition 

S further comprises a microencapsulating agent and gentamicin isoton is released from the 
composition by dissolution of the microencapsulating agent. In another preferred 
embodiment, gentamicin isoton is released from the composition by a pH-dependent 
unfolding of the polypeptide. In another preferred embodiment, gentamicin isoton is 
released from the composition in a sustained release. In yet another preferred 

10 embodiment, the composition further comprises an adjuvant covalently attached to the 
polypeptide and release of the adjuvant from the composition is controlled by the 
polypeptide. The adjuvant can be microencapsulated into a carrier peptide-drug 
conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
15 polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching gentamicin isoton to a side chain of an amino acid to form an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex NK:arboxyanhydride (NC A) 
20 from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) witii a 
second active agent. When steps (a) and (b) are repealed prior to step (c) with a second 

25 agent, gentamicin isoton and a second active agent can be copolymerized in step (c). In 
anotiier preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of die polypeptide and 
wherein the active agent is released from tiie glutamic acid by coincident intramolecular 
transanunation. In another preferred embodiment, the glutamic acid is replaced by an 

30 amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
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chain of the amino acid to fonn an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

S It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

to HPT AH m DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize gentamicin isoton and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of gentamicin 
isoton. Furthermore, active agents can be combined to produce synergistic effects. Also, 
IS absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of actioiL 

The composition of the invention comprises gentamicin isoton covalently 
attached to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a 
homopolymer of one of the twenty naturally occurring amino acids, (iii) a heteropolymer 
20 of two or more naturally occurring amino acids, (iv) a homopolymer of a synthetic amino 
acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
25 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary suructure. 
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Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
5 acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
10 der Waals intenictions> hydrogen bonds, electrostatic interactions, configurational 

entropy and the hydrophobic effect Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
IS force. Hydrogen bonds are established during the protein fold process and intranK>lecular 
bonds are formed at the expense of hydrogen-bonds with water. Water molecules are 
'^pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
20 maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
25 amino acids or achieving the mehing temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 



8 



wo 03/034980 



3767 



PCTAJSOl/43089 
CW202P 



Moreover, protein conformation generally eiSmrols the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded state and the thermodynamics associated with the agent's 
5 decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the aniino acids will depend on the physical properties desired For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
10 hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

15 Other factors such as ic-it interactions between aromatic residues, kinking of the 

peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

20 Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 

aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
25 profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular w eight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
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kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is thai the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
S between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 

10 drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

IS controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 

Amino acid MW Active agent MSL 



Glycine 57 Acetaminophen 151 

Alanine 71 Vitamin 85 (Pyroxidine) 169 

Valine 99 Vitamin C (Ascorbic acid) 176 

Leucine 113 Aspirin 180 

Isoleucine 113 Ibuprofen 206 

Phenylalanine 147 Retinoicacid 300 

Tyrosine 163 Vitamin B2 (Riboflavin) 376 

Vitamin D2 397 

Vitamin E (Tocopherol) 43 1 



Lipophilic amino acids arc preferred because conformational protection through the 
20 stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
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molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextnin. This is 
S only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or caiboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 

10 polypeptide. The location of attachment depends somewhat on the functional group 

selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
ft 

terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-tenninus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 

IS the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
prefened point of attachment in order to achieve a stable composition. As in the exan^>le 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into m alkylchloroformate 

20 with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 

25 Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 

30 then undergo an intramolecular transamination reaction, thereby, releasing the active 
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agent with coincident formation of pyroglutamic acid as shown in Fig. S* Altemativelyt 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 
cact)oxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 

5 polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
^ maximum dnig loading of the carrier peptide can be achieved. In addition, other amino 

^ acid-NCA*s can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific propeities to the drug delivery system. 

The invention also provides a method of in4>arting the same mechanism of action 
10 for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polytiueonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
15 distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in tte 
alimentary trpct can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
20 the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

25 In the present invention, gentamicin isoton is covalently attached to the 

polypeptide via the hydroxyl group. 

The canrier can be prepared using conventional techniques. A preferred technique 
is copolymerization of mixtures of amino acid N-carboxyanhydrides. Alternatively, if a 
specific sequence is desired, a solid state automated peptide synthesizer can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pie-first order release of the active agent is imparted by micioencsqpsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsicaUy asymmetric and responds asynmietrically to cofactors. Thus, one can expect 
10 that excitation of the membrane transport system will involve some scHt of specialized 

adjuvant resulting in localized delivery of active agents. There are seven known 

•I 

intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, noonocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-gentaniicin isoton conjugate is formulated into a 
tablet using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminus coiUu^tion 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can-then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-tenninus coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent The reaction can then be stirred for several hours 
at room temperanm. die urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

AlcohoUN-Terminus Coqjugiition 

In the following example the combination of the alcohol with triphosgene 
produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 
is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 



20 



14 



wo 03/034980 PCTyUSOl/43089 

3773 

CW202P 



Preparation of y-AIkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepaicd any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic « 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several houis. The Y-alkyl glutamate product can be precipitated out in acetone, fdteted, 
dried and recrystallized from hot water. 

Y-AlkyI Ghitamate^C-Tennbius Coqjugatioii 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stined for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparatfon of y-Alky I Glutamate-NC A 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitro^n atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of PolyCy^Alkyl Glutamate] 

y-Alkyl glutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 

gentamicin isoton covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide* 

3. The composition of claim 1 wherein said polypeptide is a homopoiymer of a 
naturally occurring amino acid. 

4. The composition of claim I wherein said polypeptide is a heteropolymer of 
two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopoiymer of a 
synthetic amino acid* 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

7. The composition of claim I wherein said polypeptide is a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein gentamicin isoton is covalently attached 
to a side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

10. The composition of claim 9 wherein said microencapsulating agent is 
selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The con^sition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein gentamicin isoton is conformationally 
protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
gentamicin isoton from said composition in a pH-<fependent manner. 

15 19. A method for protecting gentamicin isoton from degradation comprising 

covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of gentamicin isoton from a composition 
wherein said composition comprises a polypeptide, said method comprising covalently 
attaching gentamicin isoton to said polypeptide. 

20 21. A method for delivering gentamicin isoton to a patient comprising 

administering to said patient a composition comprising: 
a polypeptide; and 

gentamicin isoton covalently attached to said polypeptide. 

22. The method of claim 21 wherein gentamicin isoton is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gentamicin isoton is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gentamicin isoton covalently 
attached to the polypeptide. Also provided is a method for delivery of gentamicin isoton 
to a patient comprising administering to the patient a composition comprising a 
5 polypeptide and gentamicin isoton covalently attached to the polypeptide. Also provided 
is a method for protecting gentamicin isoton from degradation comprising covalently 
attaching it to a polypeptide. Also provided is a method for controlling release of 
gentamicin isoton from a composition comprising covalently attaching it to the 
polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GEPIRONE AND 
METHODS OF MAiONG AND USING SAME 

FffiLD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalendy attached to gepirone, as well as methods for 
protecting and administering gepirone. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 
the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Gepirone is a known pharmaceutical agent that is used in the treatment of anxiety 
15 and depression. Its chemical name is 4,4-dimethyl-l-[4-(4-(2-pyrimidinyl)-l- 
piperazinyl]butyl]-2,6-piperidinedione. Its structure is: 



o 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the sqppropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an mjection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and periiaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is ofien blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with litde active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drag delivery system rely on enzymes 
in the bloodstream for the release of the drag and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectsd)le or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
gamma caiboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxyiate of polyaspartic acid without a spacer group. 
This prodrag formulation was designed as a colon-specific drag delivery system where 
the drag is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstreanL Yet another technology 
combines the advantages of covalent drag attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drag delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dexUran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. • 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
5 to less than 5 microns. 

SITMMARY QFTHE INVENTION 

The present invention provides covalent attachment of the active agent (gepirone) 
to a polymer of peptides or amino acids. The invention is distinguished fipom the above- 
mentioned technologies by virtue of covalendy attaching gepirone to the N-terminus, the 

10 C-terminus or directly to the amino acid side chain of an oligopeptide or polypeptide, 
also referred to herein as a carrier peptide. In certain applications, the polypeptide will 
stabilize the active agent, primarily in the stomach, through conformational protection. 
In.these applications, delivery of the active agent is controlled, in part, by the kinetics of 
unfolding of the carrier peptide. Upon entry into the upper intestinal tract, indigenous 

15 enzymes release the active ingredient for absorption by the body by selectively 

hydiolyzing the peptide bonds of the carrier peptide. This enzymatic action introduces a 
second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising gepirone microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and gepirone 

covalentiy attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Gepirone preferably is covalentiy attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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carboxylic acid and is covalendy attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalentiy attached to 
the C-cerminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covaicntly attached to the C-terminus of the polypeptide. In yet another 
5 preferred embodiment, the active agent is an alcohol and is covalentiy attached to the N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. JWhen an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
15 . another embodiment, the polypeptide is capable of releasing the active agent firom the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting gepirone from degradation 
comprising covalentiy attaching it to a polypeptide. 

The invention also provides a method for delivering gepirone to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalentiy attached to the 
polypeptide. In a preferred embodiment, gepirone is released from the composition by an 
enzyme-catalyzed release. In another preferred embodiment, gepirone is released in a 
' time-dependent maimer based on the pharmacokinetics of the enzyme-catalyzed release. 
25 In another preferred embodiment, the composition further comprises a 

microencapsulating agent and gepirone is releaised from the composition by dissolution of 
the microencapsulating agent. In another preferred embodiment, gepirone is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, gepirone is released from the composition in a sustained release. 
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In yet another preferred embodiment, the composition further comprises an adjuvant 
covalenUy attached to the polypeptide and release of the adjuvant from the composition is 
controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-diug conjugate for biphasic release of active ingredients. 

5 The invention also provides a method for preparing a composition conq>rising a 

polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching gepirone to a side chain of an amino acid to fonn an active 
agent/amino acid complex; 
10 (b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 

from the active agent/amiiio acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydridc 
(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
15 second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, gepirone and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
20 transamination. In another preferred embodirnent. the glutarnic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
25 glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid fiinctionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incoiporated hetein by reference. 

nPTAn pn DRSCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize gepirone and prevent its digestion in the stomach. In addition, 
the pharmacologic effect can be prolonged by delayed release of gepirone. Furthermore, 
active agents can be combined to produce synergistic effects. Also, absorption of the 
active agent in the intestinal tract can be enhanced. The invention also allows targeted 
delivery of active agents to specifics sites of action. 

10 Gepirone is the subject of GB 21 14122 B (1985). based on priority US application 

334688 (1981), herein incorporated by reference, which describes how to make that drug. 

The composition of the invention comprises gepirone covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymcr of two or more 
15 naturally occurring amino acids, (iv) a homopolyiner of a synthetic amino acid, (v) a 
heteropolymcr of two or more syndietic amino acids or (vi) a heteropolymcr of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary stractures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary strucnirc and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
proteui interior is therefore more like a crystalline solid than an oU drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposmg them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
'^pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic c<Me of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolcUng of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on die stability of 
ttie protein's folded state and Uie thermodynamics associated with die agenfs 
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decomposition. Conditions necessary for the agent*s decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
S enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon enUy into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can aU 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular wei^t 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, anotiier advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of tiie 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
5 Generally* it was only possible to load up to 1/10 of the total drug-dextran conjugate 
^ weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
< drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides arc hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileunL Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

IS TABLE 

Amino acid MW Active agent MW 



Glycine 57 Acetaminophen 151 

Alanme 71 Vitamm Be (Pyroxidine) 169 

Valine 99 Vitamin C (Ascorbic acid) 176 

Leucine 113 Aspirin 180 

Isoleucine 113 Ibuprofcn 206 

Phenylalanine 147 Retinoicacid 300 

Tyrosine 163 Vitamin B2 (Riboflavin) 376 

Vitamin D2 397 

Vitamin E (Tocopherol) 43 1 



Lipophilic amino acids are preferred because confomiational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 



10 



wo 03/034980 PCT/USO 1/43089 

3788 

CW203P 

delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N* or C* terminus application* for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment If the active agent is an 

to amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 

IS above where the alcohol, norethindrone, was covalently attached to 

polyOiydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid • 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed ftee amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 caiboxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polygiutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the ganuna ester glutamic acid NCA to impart 
5 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyscrine, polycysteine, 
polytyrosine* polythrconine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is tcrnainated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drag 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1.3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, the active agent is covalently attached to the polypeptide 
via a linker. This linker may be a small molecule containing 2-6 carbons and one or more 
functional groups (such as amines, amides, alcohols, or acids) or may be made up of a 
2S short chain of either amino acids or carbohydrates. 

The polypeptide carrier can be prepared using conventional techniques, A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizuig the 
polypeptide further. Stabilizers such as sugar, amino acids* polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
S the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic conq)ounds are absorbed through the intestinal 
epithelia efRcientiy via specialized uransporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transpcnt. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopcptidasc-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-gepirone conjugate is formulated into a tabto 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-temibius coiyugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydioxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product fdtered off. the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to QPC. 
10 The solution can then be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can tfien be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus CoiUugatlon 

15 In the following example the combination of the alcohol with triphosgene 

produces a chlorofonnate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tettahydroftiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, uiethylamine or tributylamine. 
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Preparation of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyl Glutamate^C-Terminus Coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the Y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of Alky 1 Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Poly[Y-Alkyl Glutannate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 . various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

S gepiione covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim I wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim I wherein gepirone is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating ageiit is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein gepirone is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
gepirone from said composition in a pH-dependent maimer. 

IS 19. A method for protecting gepirone from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of gepirone from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
gepirone to said polypeptide. 

20 21. A method for delivering geput>ne to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

gepirone covalently attached to said polypeptide. 

22. The method of claim 21 wherein gepirone is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein gepirone is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

25. The method of claim 21 wherein said composition further comprises an 
adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and gepirone covalently attached to the 
polypeptide. Also provided is a method for delivery of gepirone to a patient comprising 
administering to the patient a composition comprising a polypeptide and gepirone 
covalently attached to the polypeptide. Also provided is a method for protecting gepirone 
from degradation comprising covalently attachmg it to a polypeptide. Also provided is a 
method for controlling release of gepirone from a composition comprising covalently 
attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING 
GLATIRAMER ACETATE AND METHODS OF MAKING AND USING SAME 

FffiLD OF THE INVENTION 

s The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to glatiramer acetate* as well as 
methods for protecting and adnunistering glatiramer acetate. This novel compound, 
referred to as a C ARRIERW AVE*^ Molecular Analogue (CMA), has the benefit of 
taking a known effective pharmaceutical agent that is both well studied and occupies a 

10 known segment of the pharmaceutical maricet, and combining it with a carrier compound 
that enhances the usefulness of the pharmaceutijcal agent without compromising its 
pharmaceudcal effectiveness. 

BACKGROUND OF THE INVENTION 

Glatiramer acetate is a known pharmaceutical agent that is used in the treatment 
15 of multiple sclerosis. Its chemical name is L-glutamic acid polymer with L-alanine, L- 
lysine and L-tyrosine, acetate. 

The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
20 product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
25 biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
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life or survival in the stomach, will assure dosage reproducibility and perh^s even 
reduce the number of dosages required which could improve patient compliance* 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

5 cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, * 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 

10 degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 

^ 

Stomach. I 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
15 copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

20 Each of these technologies imparts enhanced stability and time*release properties 

to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated dmgs rely on diffusion out of the matrix, which 

25 is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
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unreliable. F6r example* an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been nuide of aniino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

5 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-dmg conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norcthindrone, via a hydroxypropyl spacer, to the 

10 gamma caiboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganuna carbamide of polyglutamme. Dexamethasone has been covalently 
attached directly to the beta caiboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

15 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

20 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 

25 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 

30 to less, than 5 microns. 
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SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent (glatiramer 
acetate) to a polymer of peptides or amino acids. The invention is distinguished from the 
above-mentioned technologies by virtue of covalently attaching glatiramer acetate to the 

5 N-terminus, the C-termmus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational pro^tion. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

10 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanisnL 

Alternatively, the present invention provides a pharmaceutical composition 
comprising glatiramer acetate microencapsulated by a polypeptide. 

IS The invention provides a composition comprising a polypeptide and glatiramer 

acetate covalently attached to the polypeptide. Preferably, the polypeptide is (i) an 
oligopeptide, (ii) a homopolymer of one of the twenty naturally occurring aniino acids, 
(iii) a heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer 
of a synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or 

20 (vi) a heteropolymer of one or more naturally occurring amino acids and one or more 
synthetic amino acids. 

Glatiramer acetate preferably is covalently attached to a side chain, the N- 
terminus or the C-terminus of the polypeptide. In a preferred embodiment, the active 
agent is a carboxylic acid and is covalently attached to the N-terminus of the polypeptide. 
25 In another preferred embodiment, the active agent is an amine and is covalently attached 
to the C-terminus of the polypeptide. In another preferred embodiment, the active agent 
is ah alcohol and is covalently attached to the C-terminus of the polypeptide. In yet 
another preferred embodiment, the active agent is an alcohol and is covalently attached to 
the N-terminus of the polypeptide. 
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The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
S preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
10 composition in a pH-dependent manner. 

The invention also provides a method for protecting glatiramer acetate from 
degradation comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering glatiramer acetate to a 
patient, the patient being a human or a non-human animal, comprising administering to 

15 the patient a composition comprising a polypeptide and an active agent covalently 
attached to the polypeptide. In a preferred embodiment, glatiramer acetate is released 
from the composition by an enzyme-catalyzed release. In another preferred embodiment, 
glatiramer acetate is released in a time-dependent manner based cm the pharmacokinetics 
of the enzyme-catalyzed release. In another preferred embodiment, the composition 

20 further comprises a microencapsulating agent and glatiramer acetate is released from the 
composition by dissolution of the microencapsulating agent. In another preferred 
embodiment, glatiramer acetate is released from the composition by a pH-dependent 
unfolding of the polypeptide. In another preferred embodiment, glatiramer acetate is 
released from the composition in a sustained release. In yet another preferred 

25 embodiment, the composition fiirther comprises an adjuvant covalentiy attached to the 
polypeptide and release of the adjuvant from the composition is controlled by the 
polypeptide. The adjuvant can be microencapsulated into a carrier peptide-dnig 
conjugate for biphasic release of active ingredients. 
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The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covaiently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching glatiramer acetate to a side chain of an amino acid to form an active 
S agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride QiCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

10 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent When steps (a) and (b) are repeated prior to step (c) with a second 
agent, glatiranier acetate and a second active agent can be copolymerized in step (c). In 
another preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

15 wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment^ the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

20 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
25 The general applications of this invention to other active pharmaceutical agents is 

described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION QF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
30 the invention can stabilize glatiramer acetate and prevent its digestion in the stomach. In 
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addition, the pharmacologic effect can be prolonged by delayed release of glatiramer 
acetate. Furthermore, active agents can be combined to produce synergistic effects. . 
Also, absorption of the active agent in the intestinal tract can be enhanced. The invention 
also allows targeted delivery of active agents to specifics sites of action. 

5 Glatiramer acetate is the subject of U.S. Patent Number 6,054,430 and 5,981,589, 

herein incorporated by reference, which describes how to make that drug. 

The composition of the invention comprises glatiramer acetate covalently 
attached to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a 
homopolymer of one of the twenty naturally occurring amino acids, (iii) a heteropolymer 
10 of two or more naturally occurring amino acids, (iv) a homopolymer of a synthetic amino 
acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
15 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein*s amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial airangement of the molecule. The 
folding of the secondary stracture and the spatial arrangement of the side chains 
constitute the tertiary stracture. 

20 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a ' 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 

25 protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 
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The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions* hydrogen bonds, electrostatic interactions, configuration^ 
entropy and the hydrophobic eflfect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 

5 and exposing them to water. Comparing the energy of amino acid hydrolysis witii 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force* Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds widi water Water molecules are 
"pushed ouf * of the packed, hydrophobic protein core. All of these forces combine and 

10 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
IS peptide, it would require energy to unfold the peptide before the drug can be released 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
20 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
25 . the protein's folded state and the thermodynamics associated with die agent's 

decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on die physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, Uien die carrier polypeptide will be 
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enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
5 ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
10 the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chams (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
15 synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 

20 of conformational protection desired. This property can be optimized in concert with the 
kmetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the ' 
carrier polypeptide.. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 

25 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecuiar carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
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weight with drug. As stated earlier polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the iiitestinal lumen or associated with the brush-border 
5 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled 

As a practical exan4>le, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE f 




Apinoacid 


MW 


: 

Active asent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 

15 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

20 conceivably have a loading of S8%, although this may not be entirely practical. 
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The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus» the C-terniinu$ or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin). then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norcthindrone. was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma caiboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Rg. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-^lnig moiety 
frbm the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular uransamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA's can be.copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 
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The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyaigininCt polyserine, polycysteine, 
polytyrosine, polythrebnine and polyglutamine. The mechanism can translate to these 

5 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

10 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-teiminus or 
the side chain of the polypeptide using known techniques. Exanq>les of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
15 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forniing peptide linked biotin and peptide linked acridine. 

In the present invention, glatiramer acetate is covalently attached to the 
polypeptide via a peptide bond. 

The polypeptide carrier can be prepared using conventional techniques. A 
20 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
25 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by roicroenc£q>$ulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 
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There is evidence that hydrophilic compounds are absoibed through the intestinal 
epithelia efiGciently via specialized transporteis. The entire membrane transport system is 
intrinsically asymmetric and responds asynmietrically to cofactors. Thus* one can expect 
that excitation of the membriane transport system will involve some sort of specialized 

S adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transpcm. The mechanisms can depend on hydrogen ions. 

10 sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent Addition of an adjuvant is 
15 particularly prefened when using an otherwise po<Mrly absorbed active agent. Suitable 
adjuvants, for example, mclude: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N mto the lumen; glycorecognizers. which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant peptide-glatiramer acetate conjugate is formulated into a 

tablet using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-terminus coiUugntion 

25 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off. tte product 
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piecipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Aminc/C-tenninus conjugation . 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to 
5 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agents The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Temiiiiiis Co^f ligation 

10 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

15 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
20 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 

Preparation of Alkyl Giutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
25 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 



14 



wo 03/034980 



3811 



PCTAJSOl/43089 
CW204P 



several hours. The Y-alkyl glutamate pnxluct can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyl Glutamate/OTemiinus Coqjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcaibodiimide and hydroxybenzotriazole 
followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of Y>Alkyl Glutamate«NC A 

10 T^Aikyi glutamate can be suspended in dry THF where triphosgene is added and 

the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent 

Preparation of Pdly [y-Alkyl Glutamate] 

15 Y'^y' glutamate-NCA can be dissolved in dry DMF where a catalytic amount Of 

a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
20 the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing firom the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A phannaceutical composition comprising: 
a polypeptide; and 

5 glatiramer acetate covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occuhring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The conqK>sition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic aoiino acids. 

8. The composition of claim 1 wherein glatiramer acetate is covalently attached 
to a side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 

16 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
tianspoiter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

14. The composition of claim 1 wherein said composition is in the form of an 
ingestable tablet 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
oral suspension. 

17. The composition of claim 1 wherein glatiramer acetate is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
glatiramer acetate from said composition in a pH-dependent maimer. 

19. A method for protecting glatiramer acetate from degradation comprising 
covalenUy attaching said active agent to a polypeptide. 

20. A method for controlling release of glatiramer acetate from a composition 
wherein said composition comprises a polypeptide, said method comprising covalently 
attaching glatiramer acetate to said polypeptide. 

21. A method for delivering glatiramer acetate to a patient comprising 
administering to said patient a composition comprising: 

a polypeptide; and 

glatiramer acetate covalentiy attached to said polypeptide. 

22. The method of claim 21 wherein glatiramer acetate is released from said 
composition by an enzyme-catalyzed release. 
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23. Hie method of claim 21 wherein glatiiamer acetate is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and glatiramer acetate covaiendy 
attached to the polypeptide. . Also provided is a method for delivery of glatiramer acetate 
to a patient comprising administering to the patient a composition comprising a 
5 polypeptide and glatiramer acetate covalently attached to the polypeptide. Also provided 
is a method for protecting glatiramer acetate from degradation comprising covalently 
attaching it to a polypeptide. Also provided is a method for controlling release of 
glatiramer acetate from a conqK)sition comprising covalently attaching it to the 
polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GLIMEPIRIDE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to gUmepiride, as well as methods for 
protecting and administering glimepiride. This novel compound, referred to as a 
CARRIERWAVE^ Molecuhur Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a caiiier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Glimepiride is a known pharmaceutical agent that is used in the treatment of 
15 diabetes. Its chemical name is trans-3-ethyl-2,S-dihydro-4-methyl-N*[2-[4-[[[[(4- 
methylcyclohexyOami no]carbonyl]amino]sulfonyl]phenyl]ethyl]-2-oxo- IH-pynole- 1- 
caiboxamide. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
20 accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
25 agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. !^or instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent* such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perh^ even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
15 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example^ formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating mauix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent Conversely, water-soluble 
niicrospheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of tbe'degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

to require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drag and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

15 gamma caiboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covidently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrag formulation was designed as a colon-specific drug delivery system where 
the drag is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat lar^ bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drag attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drag delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers arc digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheies usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absbiption through the bnish-border membrane of the intestines is limited 
S to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(glimepiride) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching glimepiride to 

10 the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry mto the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism* 

Alternatively, the present invention provides a pharmaceutical composition 
comprising glimepiride microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and glimepiride 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolyiMr of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Glimepiride preferably is covalently attached to a side chain, the N-terminus or 
the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 



4 



wo 03/034980 



3820 



PCT/USOl/43089 
CW205P 



caiboxylic acid and is covalently attached to the N-tenninus of the polypeptide. In 
another piefened embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another prefened embodiment, the active agent is 
an alcohol and is covalently attached to the C-tenninus of the polypeptide. In yet another 
5 prefened embodiment, the active agent is an alcohol and is covalently attached to the N- 
tenninus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the fonn of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH^dependent manner. 

The invention also provides a method for protecting gUmepiride from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering glimepiride to a patient, the 
20 paitient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, glimepiride is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, glimepiride is released 
in a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition further comprises a 

microencapsulating agent and glimepiride is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, glimepiride is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, glimepiride is released ftom the composition in a 
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sustained release. In yet another preferred embodiment* the composition further 
conq[>rises an adjuvant covalentiy attached to the polypeptide and release of the adjuvant 
from the composition is controlled by the polypeptide. The adjuvant can be 
microencapsulated into a carrier pepitide-drug conjugate for biphasic release of active 
5 ingredients. 

The invention also provides a method for preparing a conq>osition comprising a 
polypeptide and an active agent covalentiy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching glimeptride to a side chain of an amino acid to form an acdve 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N<arboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

15 . In a pieferxed embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, glimepiride and a second active ajgent can be copolymerized in step (c). In another 
prefened embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

20 active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspaitic acid, arginuie, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a ' 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642.820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize glimepiride and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of glimepiride. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Glimepiride is the subject of U.S. Patent Number 4,379,785, herein incorporated 

by reference, which describes how to make that drug. 

The composition of the invention comprises glimepiride covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are deflned by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic coce. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid ciystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic ihteractions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
'^pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial imfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally conurols the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein*s folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of th^ amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
13 important in directmg the secondary and tertiary strucnires of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is paiticularly useful if a 
synergistic effect between two or more active agents is desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the pnly polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 

5 Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon jnd 
drug absorption is mainly limited to the colon. As compared to dextian, this invention • 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush<-bdrder 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

15 TABLE 



Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Be (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MWsS88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active sigent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active dnig is a carboxylic acid (e.g., aspirin) then the N- 
teimmus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillm), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-tenninus exanq>les, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the exanq»le 

IS above where the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the pepticte carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the gatoma carfooxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 carfooxyanhydride. This intermediate can then be polymerized, as described above, using 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*5 can be copolymerized with the gamma ester glutamic acid NCA to impart 
5 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not * 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-dmg dimer. This carrier peptide-dnig conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where^some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, glimepiride is covalently attached to the polypeptide via 
the amine group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is impaned by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex* 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus* one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified accQrding to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows tarpting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-glimepiride conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N-terminiis conjugation 

An acid bioactive agent can be dissolved in DMF under nitro^n and cooled to 
O^C. The solution can then be treated with diisopropylcaibodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coi\iiigation 

The peptide carrier can be dissolved in DN4F under nitrogen and cooled to O^C 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

AlcohoVN-Temibius Coi^fugation 

IS In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Exan^les of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, . 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y-Alkyl Ghitamate 

There have been over 30 different T^alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours* The Y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water 

Y-AIkyl GIutamate/C-Terminus Conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 

The solution can then be treated with diisopropylcarbodiimide and hydioxybenzotriazole 

f 

10 followed by the y-alkyl glutamate bioactive agent The reaction can thien be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y- AlkyI Glutamate-NCA 

Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is fdtered, dried and recrystallized from a suitable solvent. 

Preparation of Pdly [y-Alkyl Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the cjaims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 

S glimepiride covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The conq)osition of claim 1 wherein said polypeptide is a heteropoiymer of 
10 two or more naturally occurring amino acids. 

5. The coiiq)osition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropoiymer of 
two or more synthetic amino acids. 

IS 7. The composition of claim 1 wherein said polypeptide is a heteropoiymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein glimepiride is covalently attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in die form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein glimepiride is conformationally 
protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
glimepiride from said composition in a pH-dependent manner. 

15 19. A method for protecting glimepiride from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of gUmepiride from a composition wherein 
said composition comprises a polypeptide, said method comprising covalendy attaching 
glimepiride to said polypeptide. 

20 21. A method for delivering glimepiride to a patient comprising administering to 

. said patient a composition comprising: 
a polypeptide; and 

glimepiride covalently attached to said polypeptide. 

22. The method of claim 21 wherein glimepiride is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein glimepiride is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release, 

25. The method of claim 21 wherein said composition further comprises an 
adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and glimepiride covalently attached to 
the polypeptide. Also.provided is a method for delivery of glimepiride to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
S glimepiride covalently attached to the polypeptide. Also provided is a method for 
protecting glimepiride from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of glimepiride from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GLIPIZIDE AND 
METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound thai comprises 

a polypeptide that is preferably covalently attached to glipizide, as well as methods for 
protecting and administering glipizide. This novel compound, referred to as a 
CARRIERWAVE<^ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGHGUND OF THE INVENTION 

Glipizide is a known pharmaceutical agent that is used in the treatment of 
IS diabetes. It is both commercially available and readily manufactured using published 
synthetic schemes by those of ordinary skill in the art Its strocture is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
' and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

25 Active agent delivery systems are often critical for the effective delivery of a 

biologically active agent (active agent) to the appropriate target. The importance of these 
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systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
5 life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 

10 resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microenc^ulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 

15 stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
20 growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
2S to active agent substances. Unfortunately, these technologies suffer from several 

shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
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microspheres swell by an infinite degree and« unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore* in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enferically coated active agent depends on pH to release the 
5 active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 

10 in the bloodstream for the release of the drug and, as such, are not used for oral 

administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 

15 attached directly to the beta carboxylate of polyaspaitic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstreanu Yet another technology 

20 combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

25 It is also important to control the molecular weight, molecular size and particle 

size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 

30 moisture content which may present a problem with water labile active ingredients. 
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Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
to less than 5 microns. 

SUMMARY OF THE INVENTION 

5 The present invention provides covalent attachment of the active agent (glipizide) 

to a polymer of peptides or amino acids. The invention is distinguished ftom the above- 
mentioned technologies by virtue of covalently attaching glipizide to the N-terminus, the 
C-terminus or directly to the amino acid side chain of an oligopeptide or polypeptide, 
also referred to herein as a carrier peptide. In certain applications, the polypeptide will 

10 stabilize the active agent, primarily in the stomach, through conformational protection. 
In these applications, delivery of the active agent is controlled, in part, by the kinetics of 
unfolding of the carrier peptide. Upon entry into the upper intestinal tract, indigenous 
enzymes release the active ingredient for absorption by the body by selectively 
hydiolyzing the peptide bonds of the carrier peptide. This eiizymatic action introduces a 

IS second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising glipizide microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and glipizide 
covalentiy attached to the polypeptide. Preferably, tiie polypeptide is (i) an oligopeptide, 
20 (ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 

heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 
heteropolymer of one or more naturally occurring amino, acids and one or more synthetic 
amino acids. 

25 Glipizide preferably is covalentiy attached to a side chain, the N-terminus or the 

C-terminus of the polypeptide. In a preferred embodiment, die active ajgent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalentiy attached to 
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the C-tenninus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

5 The composition of the invention can also include one or more of a 

microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

10 Preferably, the composition of the invention is in the form of an ingestable tablet, 

an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent firom the 
composition in a pH-dependent manner. 

IS The invention also provides a method for protecting glipizide from degradation 

comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering glipizide to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 

20 polypeptide. In a preferred embodiment, glipizide is released from the composition by an 
enzyme-catalyzed release. In another preferred embodiment, glipizide is released in a 
time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed release. 
In another prefened embodiment, the composition further comprises a 
microencapsulating agent and glipizide is released from the composition by dissolution of 

25 the microencapsulating agent. In another preferred embodiment, glipizide is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, glipizide is released from the composition in a sustained release. 
In yet another preferred embodiment, the composition further comprises an adjuvant 
covalently attached to the polypeptide and release of the adjuvant from the composition is 
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controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
5 comprises the steps of: 

(a) attaching glipizide to a side chain of an amino acid to form an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NC A) 
from the active agent/amino acid complex; and 

10 (c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, glipizide and a second active agent can be copolymerized in step (c). In another 

IS preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspaitic acid, arginine, asparagine, 

20 cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

25 It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 
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HFTAn nRSrRTP TION OF INVE^mON 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize glipizide and prevent its digestion in the stomach. In addition, 
the pharmacologic effect can be prolonged by delayed release of glipizide. Furthermore, 
5 active agents can be combined to produce synergistic effects. Also, absorption of the 
active agent in the intestinal tract can be enhanced. The invention also allows targeted 
delivery of active agents to specifics sites of action. 

The composition of the invention comprises glipizide covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
10 of the twenty naturally occurring amino acids, (iii) a heteropplymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
IS primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial airan^ment of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
20 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
25 acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 
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The major forces contributing to the thermodynamics of protein folding are Van 
der Waais interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic'consequences of removing apolar groups from the protein interior 

S and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
'"pushed out" of the packed, hydrophobic protein core. All of these forces combine and 

10 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
nuaimum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
IS peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
20 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
25 the protein's folded state and the thermodynamics associated with the agent's 

decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
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enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine cairy a neutral charge in the stomach, but will 
S ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as K-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
to the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is paiticularly useful if a 
15 synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 

20 of conformational protection desired. This property can be optimized in conceit with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 

25 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
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weight with drug* As stated earlier, polysaccharides are digested mainly in the colon and 
drug absoiption is mainly limited to the colon. As compared to dextran. this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in ihc intestinal lumen or associated with the brush-border 
S membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controUed and, thus, active agent loading can also be controlled 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids Qess one water molecule) and selected anal^sics and vitamins. 







TABLE 




Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin 85 (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




- Vitamin D2 


397 






Vitamin E CTocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
molecular weight so that their condensation into a polypeptide is considered. For 

15 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

20 conceivably have a loading of 58%, although this may not be entirely practical. 
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The alcohol, amine or carboxylic acid group of an active agent may be covalentiy 
attached to the N*terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drag is a caiboxylic acid (e.g., aspirin) then the N- 

S teraiinus of the oligopeptide is the prefened point of attachment. If the active agent is an 
( amine (e.g., ampicillin), then the C-terminus is the prefened point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus exan^les, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the^ve a^nt is an alcohol, then either the C-terminus or the N-terminus is the 

10 piefened point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalentiy attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchlorofonnatc 
with phosgene. This invention, then, pertains to the reaction of this key mtermecUate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 

IS peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then tiiis conjugate covalentiy attached to die C-terminus of the peptide carrier. 
Because the glutamic acid-drag conjugate can be considered a dimer, this product adds 
two monomeric units to die C-terminus of ti)e peptide carrier where die glutamic acid 

20 moiety serves as a spacer between die peptide and the drag as shown m Fig. 4. Intestinal 
enzymatic hydrolysis of die key peptide bond releases the glutamic acid-drag moiety 
from the peptide carrier. The newly formed free amine of die glutamic acid residue will 
tiien undergo an mtramolecular transamination reaction, diereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 

25 the glutamic acid-drag dimer can be converted into the gamma ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Rg. 4. The product of diis polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drag loading of the carrier peptide can be achieved. In addition, other amnio 

30 acid-NCA's can be copolymerized with the gamma ester glutamic acid NCA to impart 
specific properties to the drag delivery system. 
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The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include* but are not 
limited to, polylysine, poiyasparagine, polyarginine, polyserine, polycysteine* 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

5 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-diug conjugate is 
distinguished ftom the prior art by virtue of the fact that the prinuuy release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

10 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, t& C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
15 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, glipizide is covalently attached to the polypeptide via the 
amine group. 

The polypeptide carrier can be prepared using conventional techniques. A 
20 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
25 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide*active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 
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There is evidence that hydiophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 

5 adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 

10 sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
15 particularly preferred when using an otherwise pooriy absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant peptide-glipizide conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-terminus coqiugation 

25 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^^C. The solution can then be treated with diisopropylcartxxiiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
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precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-tennuius conjugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
S The solution can then be treated with diisopropylcartxxiiiniide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

AlcohoUN-Terminus Co^jugatfon 

ID In the following example the combination of the alcohol with tripbosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a caibamate. Pursuant to this, an alcohol bioactive agent can be treated with 
tripbosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

15 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents mclude dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
20 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 

Prqiaration of '^Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
25 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
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several hours. The Y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-AlkyI Glutamate/C-Terminus CmUugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
S The solution can then be tifeated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the T^alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Pl^pantion of f Alkyl Glutamate-NCA 

10 y-Alkyi glutamate can be suspended in dry THF where triphosgene is added and 

the mixture lefluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Prepantton of Poly[r>A!kyl Glutamate] 

15 T^Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 

a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated firona the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
20 the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 glipizide covaiently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim I wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

IS 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein glipizide is covaiently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 . 10. Thecompositionof claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 farther con^>rising a pharmaceutically acceptable 
excipient 

5 14. The composition of claim 1 wherein said composition is in die form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim I wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein glipizide is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim I wherein said polypeptide is capable of releasmg 
glipizide from said composition in a pH-dependent maimer. 

15 19. A method for protecting glipizide from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of glipizide from a composition wherem 
said composition comprises a polypeptide, said method comprising covalently attaching 
glipizide to said polypeptide. 

20 21. A method for delivering glipizide to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

glipizide covalently attached to said polypeptide. 

22. The method of claim 21 wherein glipizide is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein glipizide is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and glipizide covalently attached to the 
polypeptide. Also pit^vided is a method for delivery of glipizide to a patient comprising 
administering to the patient a composition comprising a polypeptide and glipizide 
5 covalently attached to the polypeptide. Also provided is a method for protecting glipizide 
from degradation comprising covalently attachmg it to a polypeptide. Also provided Is a 
method for controlling release of glipizide from a composition con4>rising covalently 
attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GLUCAGON 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel phannaceutical compound that comprises 

a polypeptide that is preferably covalently attached to glucagon, as well as methods for 
protecting and administering glucagon. This novel compound, referred to as a 
C ARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
effective phannaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical nuirket, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharm^eutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Glucagon is a known pharmaceutical agent that is used in the treatment of 
IS diabetes It is a naturally occurring peptide that can either be isolated or synthesized, 
preferably using recombinant DNA technology. 

The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
20 product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
25 biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
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life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

5 cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resoicinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Nficroencapsulating active agents using protenoid microspheres, • 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 

10 degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutanuc acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
15 copolymers of lactic acid and glutaric acid arc used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

20 Each of these technologies imparts enhanced stability and time-release properties 

to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 

25 is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
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unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use-has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

5 requiie the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and« as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

10 gamma carboxylate of polygliitamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganmia carbamide of polyglutamine. Dexamethasone has been covalently 
attached direcdy to the beta caiboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

IS released dexamethasone active agent, in turn, was targeted to treat large l>owel disorders 
and was not mtehded to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a pq)tide 
linker. Thus, there has been no dmg delivery system, heretofore reported, that 

20 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 

25 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 

30 CO less than 5 microns. 
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SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent (glucagon) 
to a polymer of peptides or amino acids. The invention is distinguished from the above- 
mentioned technologies by virtue of covalenUy attaching glucagon to the N-terminus, the 

5 C-termmus or directiy to the amino acid side chain of an oligopeptide or polypeptide, 
also referred to herein as a carrier peptide. In certain applications, the polypeptide will 
stabilize the active agent, primarily in the stomach, through conformational protection. 
In these applications, delivery of the active agent is controlled, in part, by the kinetics of 
unfolding of the carrier peptide. Upon entry into the upper intestinal tract, indigenous 

10 enzymes release the active ingredient for absorption by the body by selectively 

hydrolyzing the peptide bonds of tiie carrier peptide. This enzymatic action introduces a 
second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising glucagon microencapsulated by a polypeptide. 

IS The invention provides a composition comprising a polypeptide and glucag<»i 

covalently attached to the polypeptide. Inferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or mcKC synthetic amino acids or (vi) a 

20 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Glucagon preferably is covalentiy attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, die active agent is a 
carboxylic acid and is covalentiy attached to the N-terminus of the polypeptide. In 
25 another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, tiie active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet anotiier 
preferred embodiment, the active agent is an alcohol and is covalenUy attached to the N- 
terminus of the polypeptide. 
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The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt: Whcin an adjuvant is included in the composition, the adjuvant 
5 preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
10 conq)osition in a pH-dependent manner. 

The invention also provides a method for protecting glucagon from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering glucagon to a patient, the 
patient being a human or a non-human animal, comprising administering to the patient a 

IS composition comprising a polypeptide and an .active agent covalentiy attached to the 
polypeptide, hi a preferred embodiment, glucagon is released from the composition by 
an enzyme-catalyzed release. In anodier prefened embodiment, glucagon is released in a 
time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed release. 
In another preferred embodiment, the composition further comprises a 

20 microencapsulating agent and glucagon is released from the composition by dissolution 
of tiie microencapsulating agent. In another preferred embodiment, glucagon is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, glucagon is released from the composition in a sustained release. 
In yet another preferred embodiment, the composition further comprises an adjuvant 

25 covalentiy attached to the polypeptide and release of the adjuvant firom the composition is 
controlled by tiie polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 
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The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching gi&cagon to a side chain of an amino acid to form an active 
S agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NC A) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid con^lex N-caiboxyanhydride 

(NCA). 

10 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, glucagon and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

15 active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspaitic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

20 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid wijth a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
25 The general applications of this invention to other active pharmaceutical agents is 

described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION QF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
30 the invention can stabilize glucagon and prevent its digestion in the stomach. In addition, 
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the phannacologic effect can be prolonged by delayed release of glucagon. Fuithermore, 
active agents can be combined to produce synergistic effects. Also, absorption of the 
active agent in the intestinal tract can be enhanced. The invention also allows targeted 
delivery of active agents to specifics sites of action. 

S The composition of the invention comprises glucagon covalently attached to a 

polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more syndietic amino acids or (vi) a heteropolymer of one or 
10 more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
15 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 

20 are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 

23 model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
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and exposing tbem to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
S "pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent 

10 Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 

peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 

15 S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH arid 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

20 Conformational protection of active agents by proteins depends on the stability of 

the protein's folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
25 instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
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ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-n interactions between aromatic residues* kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
5 be used to select the optimum amino acid sequence for a given ^plication. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
10 active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 

1 S length and molecular weight of the polypeptide can be optimized depending on the level 
of conformaticmal protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 

20 active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
25 weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
membrane and so active agent release and subsequent absorption can occur in the 
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jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

5 TABLE 



Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin Ba (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


U3 


Ibuprofen 


206 


PhenyialaDine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid*s 
molecular weight so that their condensation into a polypeptide is considered. For 

10 example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 7S0 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

15 conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or caiboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
20 terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
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to achieve a stable peptide linked active agent. In both, the C- and N-tenninus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-temiinus is the 
preferred point of attaclmient in order to achieve a stable composition. As in the example 
5 above where the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchlorofonnate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

10 The alcohol can be selectively bound to the ganuna caiboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

IS enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the pq)tide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular uansamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. S. Alternatively, 
the glutamic acid^drug dimer can be converted into the gamma ester of glutamic acid N- 

20 carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA's can be copolymerized with the gamma ester glutamic acid NC A to impart 

25 specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 
30 polypeptides through a spacer or linker on the pendant group, which is terminated. 
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preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
S alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic ' 
compounds to ±e N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
10 dialkyl-3-acyItriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, glucagon is covalently attached to the polypeptide via a 
peptide linkage. 

The polypeptide carrier can be prepared using conventional techniques. A 
15 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated pejMide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
20 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
25 epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asynunetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
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intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
5 sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the conqK>sition includes one or more' 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
10 particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

15 Preferably, the resultant peptide-glucagon conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

. AcId/N-tenninus coiyugation 

20 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 

25 dialysis. 

Amine/C-terminiis cbqjugation 
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The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product Tiltered off» and the product precipitated out in 
S ether and purified using GPC or dialysis. 

Alcohol/N-Temiinus Coiqugatlon 

In the following example the combination of the alcohol with triphosgene 
produces a chloroformate, which when reacted with the N-tenuinus of the peptide 
produces a carbamate. Pursuant to this* an alcohol bioactive agent can be treated with 
10 triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several boui^. The product 
is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
IS other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridlne» 
dimethylaminopyridine, triethylamine or tributylamine. 

20 Preparation of y-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for. 
several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
25 dried and recrystallized from hot water. 

Y-AlkyI Glutamate/C-Termbius Conjugation 
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The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiiniide and hydroxybenzotriazole 
followed by the Y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
5 precipitated out in ether and purified using GPC or dialysis. 

Preparation of Y-Alkyl Glutamate-NCA 

'f'Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
10 which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Polyly-Alkyl Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into wat^ and 
15 filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 glucagon covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein glucagon is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wheiein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a phannaceutically acceptable 
excipient. 

S 14. The composition of claim 1 wheiein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim f wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the.fonn of an 
10 oral suspension. 

17. The composition of claim 1 wherein glucagon is conformationally protected 
by folding of said polypeptide about said active agent. 

18. The composition of claim i wherein said polypeptide is capable of releasing 
glucagon from said composition in a pH-dependent manner. 

15 19. A method for protecting glucagon from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of glucagon from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
glucagon to said polypeptide. 

20 21. A method for delivering glucagon to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

glucagon covalently attached to said polypeptide. 

22. The method of claim 21 wherein glucagon is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein glucagon is released from said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

S 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and glucagon covalently attached to the 
polypeptide. Also provided is a method for delivery of glucagon to a patient comprising 
administering to the patient a composition comprising a polypeptide and glucagon 
5 covalently attached to the polypeptide. Also provided is a method for protecting 
glucagon from degradation comprising covalently attaching it to a polypeptide. Also 
provided is a method for controlling release of glucagon from a composition comprising' 
covalendy attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GLYBURIDE 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalently attached to glyburide, as well as methods for 
protecting and administering glyburide. This novel compound, referred to as a 
C ARRIERW AVE^ Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 
the pharmaceutical market* and combining it with a carrier compound that enhances the 
usefiihiess of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Glyburide is a sulfonylurea antidiabetic agent used in the treatment of diabetes. It 
is both commercially available and readily manufactured using published synthetic 
schemes by those of ordinary skill in the art Its structure is: 



The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the cheniical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent» an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and pertiaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 

cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
L5 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspaitic acid enables a sustained release of the active agent As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or themially condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
S technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

IS gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of poiyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in tum, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight* molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients* 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
S to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(glyburide) to a polymer of peptides or amino acids. The invention is distinguished from 
the above-mentioned technologies by virtue of covalently attaching glyburide to the N- 

10 terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide or 
polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these implications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising glyburide microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and glyburide 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Glyburide preferably is covalently attached to a side chain, the N-terminus or the 
C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
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caiboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment« the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another prefened embodiment, the active agent is 
an alcohol and is covalently attached to the C-terminus of tte polypeptide. In yet another 

5~ preferred embodiment, the active agent is an alcohol and is covalently attached to the N* 

^ terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microenciq>suiating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencq)sulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included jn the conqx>siti(m, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationaily protected by folding of the polypeptide about the active agent In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting glyburide from degradation 
comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering glyburide to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalently attached to the 
polypeptide. In a preferred embodiment, glyburide is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, glyburide is released in a 
time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed release. 
25 In another preferred embodiment, the composition further comprises a 

microencapsulating agent and glyburide is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, glyburide is released 
from the composition by a pH-dependent unfolding of the polypeptide. In another 
preferred embodiment, glyburide is released from the composition in a sustained release. 



5 



wo 03/034980 



3878 



PCT/USOl/43089 
CW208P 



In yet another preferred embodiment, the composition further comprises an adjuvant 
covalently attached to the polypeptide and release of the adjuvant from the composition is 
controlled by the polypeptide. The adjuvant can be microencapsulated into a carrier 
peptide-drug conjugate for biphasic release of active ingredients. 

5 The invention also provides a method for preparing a composition comprising a 

polypeptide and an active agent covalentiy attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching glyburide to a side chain of an amino acid to form an active 
agent/amino acid complex; 
10 (b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 

- from the active agent/amino acid complex; and | 

(c) polymerizing the active agent/amino acid complex N-caiboxyanhydride 

(NCA). 

In a preferred embodiment, steps (a) and (b) are repeated prior to stisp (c) with a 
IS second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, glyburide and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
firom tiie glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident mtramolecular 
20 transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
25 glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
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described in U*S. Patent Application Serial Number 09/642320, filed August 22, 2000, 
mcoiporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize glyburide and prevent its digestion in the stomach. In 
addition, the phamutcologic effect can be prolonged by delayed release of glyburide. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 The composition of the invention comprises glyburide covalently attached to a 

polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 

15 more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
20 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
25 are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 



7 



wo 03/034980 



3880 



PCT/USOl/43089 
CW208P 



protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference sute. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

5 entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing ^lar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 

10 bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
'"pushed out*" of the packed* hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 

1 5 maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 

20 a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 

25 chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein*s folded state and the thermodynamics associated with the agent's 
decomposition. Conditions necessary for the agent*s decomposition should be different 
than for protein unfolding. . 
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Selection of the amino acids will depend on the physical properties desired For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected td increase the hydrophilicity of the polypeptide. 

S Ionizing amino acids can be selected for pH controlled peptide unfolding. 

Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as ic-ic interactions between aromatic residues, kinking of the 
10 peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
IS aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 

20 active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 

25 carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 



9 



wo 03/034980 



3882 



PCT/USOl/43089 
CW208P 



Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total dnig-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 

5 drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-boider 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

10 controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active a^nt 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


VitamiaBe (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147. 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are prefened because conformational protection through the 
15 stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
20 delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
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groups of decaglutamic acid» for instance* a drug with a molecular weight of 180 could 
conceivably have a loading of 58%, although this may not be entirely practical. 

The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus. the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment If die active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropyl^utamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzynuitic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganmia ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of tiiis polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
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maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NC A to impart 
specific properties to the drug delivery system. 

Hie invention also provides a method of imparting the same mechanism of action 
5 for other polypeptides containing functional side chains. Examples include* but are not 
limited to, polylysine, polyasparagine» polyarginine, poiyserine, polycysteine, 
polytyrosine» polythreonine and polyglutamine. The mechanism can translate to these 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
10 distinguished firom the prior ait by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attachcsd directiy to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covaientiy attached to the N-tenninus, the C-terminus or 
15 the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

20 In the present invention, glyburide is covaientiy attached to the polypeptide via 

the amine group. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
25 can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
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invention, a pre-ftrst order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
5 epithelia efficiently via specialized transporters. The entire membrane transport system is 

^ intrinsically asynmietric and responds asynunetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 

10 transported substrate. They include the amino acid, oligopepti<te, glucose, monocarboxic 
acid, phosphate, bile acid and die P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 

15 agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
20 catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

Preferably, the resultant peptide-glyburide conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

25 Compositions of the invention are, in essence, the formation of amides from acids 

and amines and can be prepared by the following examples. 
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Acid/N-temiinus coiyugatioii 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off, the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Aminc/C-tenninus coiUugation • 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxj^benzotriazole 
foUowed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Temiinus Conjugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N*terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocalalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include p'yrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of y-AIkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid« the alcohol and concentrated hydrochloric acid can be prepared and heated for 
S several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water 

Y*Alkyl Glulamate/C-Terminus CoiOugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of Y'Alkyl Glutamate-NCA 

y-Alkyl glutamate can be suspended in dry THF where tripbosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent - 

Preparation of PolyEy-Alkyl Glutamate] 

Y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and ran^ of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical con^xisition coiiq)rising: 
a polypeptide; and 

5 glyburide covalently attached to said polypeptide. 

2. The composition of claim 1 whetein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteiopolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherem said polypeptide is a het^polymer of 
two or more synthetic amino acids. 

15 7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein glyburide is covalently attached to a side 
chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1. The composition of claim I further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceuticaliy acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation.. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein glyburide is conformationally protected 
by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
glyburide from said composition in a pH-dependent manner. 

15 19. A method for protecting glyburide from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of glyburide from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
glyburide to said polypeptide. 

20 21. A method for delivering glyburide to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

glyburide covalently attached to said polypeptide. 

22. The method of claim 21 wherein glyburide is released from said composition 
25 by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein glyburide is released firom said composition 
by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is leleased from said 
composition in a sustained release. 

5 25. The method of claim 2 1 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and glyburide covaientiy attached to the 
polypeptide. Also proyided is a method for delivery of glyburide to a patient comprising 
administering to the patient a composition comprising a polypeptide and glyburide 
5 covaientiy attached to the polypeptide. Also provided is a method for protecting 
glyburide from degradation comprising covaientiy attaching it to a polypeptide. Also 
provided is a method for controlling release of glyburide from a composition comprising 
covaientiy attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING GRANISETRON 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to granisetron, as well as methods for 
protecting and administering granisetron. This novel compound, referred to as a 
CARRIERWAVE™* Molecular Analogue (CMA), has the benefit of taking a known 
effective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier conqx)und that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Granisetron is a known pharmaceutical agent that is used in the treatment of 
IS nausea and vomiting in cancer patients Its chemical name is endo-l-methyl-N-(9- 
methyl-9-azabicyclo[3,3,llnon-3-yl>lH-indazole-3-caiboxamide. Its structure is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to paiticular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent* an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
S markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique, hicreasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerftil digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permealnlity of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
IS active agent Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 



2 



wo 03/034980 



3894 



PCTAJSOl/43089 
CW209P 



leproducibility. In addition, encapsulated drugs rely on difiiision out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drag and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindione, via a hydroxypropyl spacer, to the 

IS gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
. with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
^plication, but absorption through the brush-border membrane of the intestines is limited 
5 to less than S microns. 

SUN^ARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(granisetron) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalendy attaching granisetron to 

10 the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain applications, the 
polypeptide wiU stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 

15 upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 
enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising granisetron microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and granisetron 

covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
(ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 
heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a 

25 heteropolymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

Granisetron preferably is covalently attached to a side chain, the N-terminus or 
the C-terminus of the polypeptide. In a preferred embodinient, the active ag^nt is a 
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carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
the C-terminus of the polypeptide. In another preferred embodiment, the active agent is 
an alcohol and is covalendy attached to the Otenninus of the polypeptide. In yet another 
5 preferred embodiment, the active agent is an alcohol and is covalentiy attached to die N- 
terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencq>sulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microenc^sulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the conqx>sition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting granisetron from degradation 
conq)rising covalentiy attaching it to a polypeptide. 

The invention also provides a method for delivering granisetron to a patient, the 
20 patient being a human or a non-human animal, comprising administering to the patient a 
composition comprising a polypeptide and an active agent covalentiy attached to the 
polypeptide. In a preferred embodiment, granisetron is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, granisetron is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
25 release. In another preferred embodiment, the composition further comprises a 

microencapsulating agent and granisetron is released from the composition by dissolution 
of the microencapsulating agent. In another preferred embodiment, granisetron is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, granisetron is released from the composition in a 
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sustained release. In yet another preferred embodiment, the composition further 
comprises an adjuvant covalently attached to the polypeptide and release of the adjuvant 
from the conq)osition is controlled by the polypeptide. The adjuvant can be 
microencapsulated int6 a earner peptide-drug conjugate for biphasic release of active 
5 ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching granisetron to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NC A) 
from the active agent/amino acid complex; and 

(c) polymerizmg the active agent/ammo acid complex N-carboxyanhydride 

(NCA). 

IS In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent When steps (a) and (b) are repeated prior to step (c) with a second 
agent, granisetron and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the acdve agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 

20 active agent is released from the glutamic acid by coincident intramolecular 

transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, aspara^e, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22, 2000, 
incorporated herein by reference. 

DETAILED DESC RIRTIQN OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize granisetron and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of granisetron. 
Furthermore, active agents can be combined to produce synergistic effects. Also, 
absorption of the active agent in the intestinal tract can be enhanced. The invention also 
allows targeted delivery of active agents to specifics sites of action. 

10 Granisetron is the subject of U.S. Patent Number 4,886,808, herein incorporated 

by reference, which describes how to make that drug. 

The composition of the invention comprises granisetron covalendy attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
of the twenty naturally occurring amino acids, (iii) a heteropolymer of two or more 
15 naturally occuiring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are pojymers of amino acids that hiave 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the sunctural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
constitute the tertiary structure. 

2S Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining' forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
'^pushed out" of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

15 packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room tenq>erature requires chemical reagents. In fact, partial unfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein*s folded state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desixed. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand» can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely^ basic amino acids, such as histidine, 
10 lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as n-n interactions betweien aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
15 important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 

5 Generally^ it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with dnig. As stated earlier, polysaccharides are digested mainly in the colon and 
diiig absorption is mainly limited to the colon. As compared to dextran, this invention - 
has two major advantages. Hrst, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the earner molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Activ? agent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin B6 (Pyroxidine) ' 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Tbuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted fiom the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
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delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a loading of S8%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalentiy 

attached to the N-terminus, the C-tcrminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) tiien the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, tiie C- and N-terminds examples, 
the peptide is,.in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-tenninus or the N-terminus is the 
preferred point of attachment in order to achieve a stable com|x>sition. As in the example 

IS above where the alcohol, norethindrone, was covalentiy attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 

and then this conjugate covalentiy attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-dnig conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an inu-amolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-diug dimer can be converted into Uie gamma ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 

U 
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any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymerized with the gamma ester glutamic acid NC A to impart 
S specific properties to die drag delivery system. * 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not . 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyiosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drag dimer. This carrier peptide-drag conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drag 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

15 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic . 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, granisetron is covalendy attached to the polypeptide via 
the amine group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pie-first order release of the active agent is imparted by microencapsulating 
5 the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asynomeuically to cofacton. Thus, one can expect 

10 that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They mclude the amino acid, oligopeptide, glucose, monocarboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targ^g the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-granisetron conjugate is formulated into a tablet 
using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Add/N-temunus coi^ugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can-then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off» the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-tenninus coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several houis 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Tenninus Conjugation 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcaibodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation of fAlkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutaniic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, fdtered, 
dried and recrystaUized from hot water. 

Y-Alkyl Glutamate/C-Terminus Coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. _ 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazoie 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl Glutamate-NCA 

y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. ' 

Preparation of Poly [Y-Alkyl Glutamate] 

y-Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

5 granisetron covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim I wherein said polypeptide is a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein granisetron is covalently attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulatmg agent 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

1 3. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein granisetron is conformationally 
protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
granisetron from said composition in a pH-dependent manner. 

IS 19. A method for protecting granisetron from degradation comprising covalently 

attaching said active agent to a polypeptide. 

20. A method for controlling release of granisetron from a composition wherein 
said composition comprises a polypeptide, said method comprising covalently attaching 
granisetron to said polypeptide. 

20 21 . A method for delivering granisetron to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

granisetron covalently attached to said polypeptide. 

22. The method of claim 21 wherein granisetron is released from said 
2S composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein granisetron is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The mediod of claim 21 wherein said active agent is released fix)m said 
composition in a sustained release. 

5 2S. The method of claim 21 wherein said composition fiicther comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and granisetron covalently attached to 
the polypeptide. Also4)rovided is a method for delivery of granisetron to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
granisetron covalently attached to the polypeptide. Also provided is a method for 
protecting granisetron from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of granisetron from a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING HALOPERIDAL 
AND METHODS OF MAKING AND USING SAME 

FIELD OF THE INVENrTION 

S the present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covalently attached to haloperidal, as well as methods for 
protecting and administering haloperidal. This novel compound, referred to as a 
CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of taking a known 
efTective pharmaceutical agent that is both well studied and occupies a known segment of 

10 the pharmaceutical market, and combining it with a carrier compound that enhances the 
usefulness of the pharmaceutical agent without compromising its pharmaceutical 
effectiveness. 

BACKGROUND OF THE INVENTION 

Haloperidal is a known pharmaceutical agent that is used in the treatment of 
15 psychotic disorders. It is both commercially available and readily manufactured using 
published synthetic schemes by those of ordinary skill in the art. Its stmcture is: 




The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
20 of the original compound; alteration of the release profile of an orally administered 

product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

25 Active agent delivery systems are often critical for the effective delivery of a 

biologically active agent (active agent) to the appropriate target. The importance of these 
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systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
5 life or survival in the stomach, will assure dosage reproducibility and perh^ even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly, 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 

10 resorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microenc^sulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 

IS stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent. As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
20 growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
25 to active agent substances. Unfortunately, these technologies suffer from several 

shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant pn the water solubility of the active agent. Conversely, water-soluble 
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microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
s active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached These technologies typically . 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 

10 in the bloodstream for the release of the drug and, as such, are not used for oral 

administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the ganmia carbamide of polyglutamine. Dexamethasone has been covalently 

15 attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 

20 combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid fildos (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

25 It is also important to control the molecular weight, molecular size and particle 

size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight microspheres usually have high 

30 moisture content which may present a problem with water labile active ingredients. 
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Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
to less than 5 microns. 

SUMMARY Of THE INVENTION 

5 The present invention provides covalent attachment of die active agent 

(haloperidal) to a polymer of peptides or amino acids. The invention is distinguished 
from the above-mentioned technologies by virtue of covalently attaching haloperidal to 
the N-terminus, the C-terminus or directly to the amino acid side chain of an oligopeptide 
or polypeptide, also referred to herein as a carrier peptide. In certain ^plications, the 

10 polypeptide will stabilize the active agent, primarily in the stomach, through 
conformational protection. In these applications, delivery of the active agent is 
controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry into the 
upper intestinal tract, indigenous enzymes release the active ingredient for absorption by 
the body by selectively hydrolyzing the peptide bonds of the carrier peptide. This 

15 enzymatic action introduces a second order sustained release mechanisnL 

Alternatively, the present invention provides a pharmaceutical coit^x>sition 
comprising haloperidal microencapsulated by a polypeptide. 

The invention provides a composition comprising a polypeptide and haloperidal 
covalently attached to the polypeptide. Preferably, the polypeptide is (i) an oligopeptide, 
20 (ii) a homopolymer of one of the twenty naturally occurring amino acids, (iii) a 

heteropoiymer of two or more naturally occurring amino acids, (iv) a homopolymer of a 
synthetic amino acid, (v) a heteropoiymer of two or more synthetic amino acids or (vi) a 
heteropoiymer of one or more naturally occurring amino acids and one or more synthetic 
amino acids. 

25 Haloperidal preferably is covalently attached to a side chain, the N-terminus or 

the C-terminus of the polypeptide. In a preferred embodiment, the active agent is a 
carboxylic acid and is covalently attached to the N-terminus of the polypeptide. In 
another preferred embodiment, the active agent is an amine and is covalently attached to 
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the C-terminus of the polypeptide. In another preferred embodiment, die active agent is 
an alcohol and is covalently attached to the C-terminus of the polypeptide. In yet another 
preferred embodiment, the active agent is an alcohol and is covalently attached to the N- 
terminus of the polypeptide. 

5 The composition of the invention can also include one or more of a 

microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient. The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

10 Preferably, the composition of the invention is in the form of an ingestable tablet, 

an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent. In 
another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

15 The invention also provides a method for protecting haloperidal from degradation 

comprising covalendy attaching it to a polypeptide. 

The invention also provides a method for delivering haloperidal to a patient, the 
patient being a human or a non-human animal, conq>rising administering to the patient a 
composition comprising a polypeptide and an active agent covalendy attached to the 

20 polypeptide. In a preferred embodiment, haloperidal is released from the composition by 
an enzyme-catalyzed release. In another preferred embodiment, haloperidal is released in 
a time-dependent manner based on the pharmacokinetics of the enzyme-catalyzed 
release. In another preferred embodiment, the composition further comprises a 
microencapsulating agent and haloperidal is released from the composition by dissolution 

2S of the microencapsulating agent. In another preferred embodiment, haloperidal is 
released from the composition by a pH-dependent unfolding of the polypeptide. In 
another preferred embodiment, haloperidal is released from the composition in a 
sustained release. In yet another preferred embodiment, the composition further 
comprises an adjuvant covalently attached to the polypeptide and release of the adjuvant 
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from the composition is controlled by the polypeptide. The adjuvant can be 
micrcenc^sulated into a carrier peptide-drug conjugate for biphasic release of active 
ingredients. 

The invention also provides a method for preparing a composition comprising a 
5 polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching halopertdal to a side chain of an amino acid to form an active 
agent/amino acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
10 from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 

(NCA): 

In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 
second active agent When steps (a) and (b) are repeated prior to step (c) with a second 

15 agent, haloperidal and a second active agent can be copolymerized in step (c). In another 
preferred embodiment, the amino acid is glutamic acid and the active agent is released 
from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and wherein the 
active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic add is replaced by an 

20 amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 

cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 
carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 
glutamic acid is replaced by a synthetic amino acid with a pendant group conq>rising an 

25 amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
The general applications of this invention to other active pharmaceutical agents is 
described in U.S. Patent Application Serial Number 09/642.820, filed August 22, 2000, 
30 incorporated herein by reference. 
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DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
the invention can stabilize haloperidal and prevent its digestion in the stomach. In 
addition, the pharmacologic effect can be prolonged by delayed release of haloperidal. 
S Furthermore, active agents can be combined to produce synergistic effects. Also, 

absorption of the active agent in the intestinal tract can be enhanced. The invention aire 
allows targeted delivery of active agents to specifics sites of action. 

The composition of the invention comprises haloperidal covalently attached to a 
polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a homopolymer of one 
10 of the twenty naturally occurring amino acids, (ui) a heteropolymer of two or more 
naturally occurring amino acids, (iv) a homopolymer of a synthetic amino acid, (v) a 
heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of one or 
more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
IS primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein*s amino acid sequence and the stractural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary structure and the spatial arrangement of the side chains 
20 constitute the tertiary structure. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
25 acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 
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The major forces contributing to the thermodynamics of protein folding are Van 
der Waais interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic Consequences Of removing apolar groups from the protein interior 

5 and exposing them to water. Coiiq>aring the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out" of the packed, hydrophobic protein core. All of these forces combine and 

10 contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The iesult of 
maximum packing is to produce a center of residues or hydrophobic core that^as 
maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
15 peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
S-IS kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
20 at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of ureversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
25 the protein's folded state and the thermodynamics associated with the agent's 

decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
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enriched in the amino acids in the table provided below. Polar anndno acids, oh the other 
hand, can be selected to increase the hydrophiiicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
5 ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stomach and are neutral in an alkaline environment 

Other factors such as it-JC interactions between aromatic residues, kinking of the 
peptide chain by addition of proline* disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
10 the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutaniic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
15 synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 

20 of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 

25 between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drug delivery. 
Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
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weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 
5 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 

As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


ISl 


Alanine 


71 


Vitamin B6 (Pyroxidine) 


169 


Valine 


99 


Vitamin C (Ascoibic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covaient attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 

15 example, a decamer of glycine (MW=:588) linked to aspirin would have a total molecular 
weight of 750 and aspirin would represent 24% of the total weight of the active agent 
delivery composition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 

20 conceivably have a loading of 58%, although this may not be entirely practical. 
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The alcohol, amine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance* if tte active drug is a carboxylic acid (e.g., aspirin) then the N- 

5 tenninus of the oligopeptide is the preferred pomt of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, (hen either the C-terminus or the N-terminus is the 

10 preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released from the 

1 S peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carboxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
20 moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
firom the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
. agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
25 the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
30 acid-NCA's can be copolymerized with the ganuna ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 
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The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythieOnine and polyglutamine. The mechanism can translate to these 

5 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimen This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 

10 alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of n^hthylacetic acid to LH-RH, coumaiinic acid to opioid peptides and 1,3- 
15 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, haloperidal is covalently attached to the polypeptide via 
the hydroxyl group. 

The polypeptide carrier can be prepared using conventional techniques. A 
20 preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Aheraatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
25 and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 
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Thieie is evidence that hydrophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 

s adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocarfooxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport The mechanisms can depend on hydrogen ions, 

10 sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent Addition of an adjuvant is 
15 particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in tiie BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

20 Preferably, the resultant peptide-haloperidal conjugate is formulated into a tablet 

using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 

Acid/N-terminus cot^ugation 

25 An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 

O^C. The solution can then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
stirred for several hours at room temperature, the urea by-product filtered off, the product 
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precipitated out in ether and purified using gel penneation chromatography (GPC) or 
dialysis. 

Amine/C-terminus cQiuugatipn 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Temiinus Coi|jugadon 

10 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
uiphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

IS is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chlorofornt Examples of other activating agents include 
20 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyiidine, 
dimethylaminopyridine, triediylamine or tributylamine. 

Preparation of Y-AlkyI Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
25 may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 



14 



wo 03/034980 PCTAJSO 1/43089 

3925 

CW210P 

several hours. The T^alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyi Glutamate/C-Terminus Coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
5 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
^ followed by the T^alkyl glutamate bioactive agent. The reaction can then be stirred for 
* several hours at room teniperanire, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of T^Alkyl Glutamate-NCA 

10 Y-Alkyl glutamate can be suspended in dry THF where triphosgene is added and 

the mixture refluxed under a nitrogen atmosphere until the mixture becomes 
homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Pdly[Y-Alkyl Glutamate] 

15 T^Alkyl glutamate-NCA can be dissolved in dry DMF where a catalytic amount of 

a primary amine can be added to the solution until it becomes viscous (typically 
overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
20 the invention is nevertheless not intended to be limited to the details shown. Rather, 
various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 

S haloperidal covalently attached to said polypeptide. 

2. The composition of claim i wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
10 two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

15 7. The composition of claim I wherein said polypeptide i& a heteropolymer of 

one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein haloperidal is covalently attached to a 
side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

20 10. The composition of claim 9 wherein said microencapsulating agent is 

selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

11. The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The comp9sition of claim 1 further com(>rising a pharmaceutically acceptable 
excipient. ^ 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein haloperidal is conformationally 
protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is capable of releasing 
haloperidal from said composition in a pH-dependent manner. 

IS 19. A method for protecting haloperidal from degradation comprising covalentiy 

attaching said active agent to a polypeptide. 

20. A method for controlling release of haloperidal from a composition wherein 
said composition comprises a polypeptide, said method comprising covalentiy attaching 
haloperidal to said polypeptide. 

20 21. A method for delivering haloperidal to a patient comprising administering to 

said patient a composition comprising: 
a polypeptide; and 

haloperidal covalentiy attached to said polypeptide. 

22. The metiiod of claim 21 wherein haloperidal is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein haloperidal is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 2 1 wherein said composition further comprises an 

adjuvant covalentiy attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and haloperidal covalently attached to 
the polypeptide. Also provided is a method for delivery of haloperidal to a patient 
comprising administering to the patient a composition comprising a polypeptide and 
S haloperidal covalently attached to the polypeptide. Also provided is a method for 
protecting haloperidal from degradation comprising covalently attaching it to a 
polypeptide. Also provided is a method for controlling release of haloperidal fipom a 
composition comprising covalently attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING AND METHODS 
OF MAKING AND USING SAME 

FIELD OF THE INVENTION 

5 The present invention relates to a novel pharmaceutical compound that comprises 

a polypeptide that is preferably covaiently attached to a quinolone antibiotic, as well as 
methods for protecting and administering a quinolone antibiotic. This novel compound, 
refeired to as a CARRIERWAVE™ Molecular Analogue (CMA). has the benefit of 
taking a known effective pharmaceutical agent that is both well studied and occupies a 
. 10 known segment of the pharmaceutical maricet, and combining it with a carrier compound 
that enhances the usefulness of the pharmaceutical agent without compromising its 
phannaceutical effectiveness. 

BACKGROUND OF THE INVENTION 

The quinolone antibiotic of the present invention is a known pharmaceutical agent 
15 that is used in the treatment of bacterial infections. Its chemical name is l-cyclopropyKS- 
(difluoromethoxyH-[(lR>-23-dihydro-l-methyl-lH-isoindol-5-yll-l,4-^ 
quinolinecaiboxylic acid monomethanesulfonate. Its stiucture is: 



p 




o 



The novel pharmaceutical compound of the present invention is useful in 
20 accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
25 agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems arc often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assurc dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an onilly administered active agent is often blocked by the harshly 
10 acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
rcsorcinol, surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents usmg protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
15 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition* encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent Conversely, water-soluble 
miciospheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with little active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 

IS gamma carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker, thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight microspheres usually have high 
moisture content which may present a problem with water labile active ingredients. . 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush*border membrane of the intestines is limited 
S to less than 5 microns. 

( SUMMARY OFTHE INVENTION 

f 

The present invention provides covalent attachment of the active agent (a 
quinolone antibiotic) to a polymer of peptides or amino acids, the invention is 
distinguished from the above-mentioned technologies by virtue of covalently attaching a 

10 quinolone antibiotic to the N-terminus, the C-terminus or directly to the amino acid side 
chain of an oligopeptide or polypeptide, also referred to herein as a carrier peptide. In 
certain applications, the polypeptide will stabilize the active agent, primarily in the 
stomach, through conformational protection. In these applications, delivery of the active 
agent is controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry 

15 into the upper intestinal tract, indigenous enzymes release the active ingredient for 
absorption by the body by selectively hydrolyzing the peptide bonds of the carrier 
peptide. This enzymatic action introduces a second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising a quinolone antibiotic microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and a quinolone 

antibiotic covalentiy attached to the polypeptide. Preferably, the polypeptide is (i) an 
oligopeptide* (ii) a homopolymer of one of the twenty naturally occurring amino acids, 
(iii) a heteropolymer of two or more naturally occurring amino acids, (iv) a homopolymer 
of a synthetic amino acid, (v) a heteropolymer of two or more synthetic amino acids or 

25 (vi) a heteropolymer of one or more naturally occurring amino acids and one or more 
synthetic amino acids. 

A quinolone antibiotic preferably is covalentiy attached to a side chain, the N- 
terminus or the C-terminus of the polypeptide. In a preferred embodiment, the active 
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agent is a carboxylic acid and is covalently attached to the N-terminus of the polypeptide. 
In another preferred embodiment, the active agent is an amine and is covalently attached 
to the C-terminus of the polypeptide. In another preferred embodiment, the active agent 
is an alcohol and is covalently attached to the C*terminus of the polypeptide. In yet 
S another preferred embodiment, the active agent is an alcohol and is covalently attached to 
the N-terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. -t 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
IS another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting a quinolone antibiotic from 
degradation comprising covalently attaching it to a polypeptide. 

The invention also provides a method for delivering a quinolone antibiotic to a 
20 patient, the patient being a human or a non-human animal, comprising administering to 
the patient a composition comprising a polypeptide and an active agent covalently 
attached to the polypeptide. In a preferred embodiment, a quinolone antibiotic is released 
from the composition by an enzyme*catalyzed release. In another preferred embodiment, 
. a quinolone antibiotic is released in a time-dependent manner based on the 
25 pharmacokinetics of the enzyme-catalyzed release. In another preferred embodiment, the 
composition further comprises a microencapsulating agent and a quinolone antibiotic is 
released from the composition by dissolution of the microencapsulating agent. In another 
preferred embodiment, a quinolone antibiotic is released from the composition by a pH- 
dependent unfolding of the polypeptide. In another preferred embodiment, a quinolone 
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antibiotic is released from the composition in a sustained release. In yet another 
preferred embodiment, the composition farther comprises an adjuvant covalendy attached 
to the polypeptide and release of the adjuvant from the composition is controlled by the 
polypeptide. The adjuvant can be microenc2q>sulated into a carrier peptide-dnig 
5 conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising a 
polypeptide and an active agent covalentiy attached to die polypeptide. The method 
comprises the steps of: 

(a) attaching a quinolone antibiotic to a side chain of an amino acid to form an active 
to agent/ammo acid complex; 

(b) forming an active agent/amino acid complex N-carboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-carboxyanhydride 
(NCA). 

15 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent When steps (a) and (b) arc repeated prior to step (c) wiUi a second 
agent, a qumolone antibiotic and a second active agent can be copolymcrizcd in step (c). 
In another preferred embodiment, the amino acid is glutamic acid and ttie active agent is 
released from die glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

20 wherein the active agent is released ftom the glutamic acid by coincident intramolecular 
transamination. In anotiier preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, tiireonine, and serine, and wherein the active agent is attached to die side 
chain of the amino acid to form an amide, a thioester, an ester, an etiier, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid fanctionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent Application Serial Number 09/642,820, filed August 22. 2000, 
incorporated herein by reference. 

DETAILED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize a quinolone antibiotic and prevent its digestion in the stomach. 
In addition, the pharmacologic effect can be prolonged by delayed release of a quinolone 
antibiotic. Furthermore, active agents can be combined to produce sjmergistic effects. 
• Also, absorption of the active agent in the intestinal tract can be enhanced. The invention 
also allows targeted delivery of active agents to specifics sites of action. 

10 A quinolone antibiotic is the subject of EP 88272S Al (1998), herein incorporated 

by reference, which describes how to make that drug. 

The composition of the invention comprises a quinolone antibiotic covalently 
attached to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a 
homopolymer of one of the twenty naturally occurring amino acids, (iii) a heteropolymer 
15 of two or more naturally occurring amino acids, (iv) a homopolymer of a synthetic amino 
acid, (v) a heteropolymer of two or more synthetic amino acids or (vi) a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
20 local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary suncuire and the spatial arrangement of the side chains 
constitute the tertiary structure. 

25 Proteins fold because of the dynamics associated between neighboring atoms on 

the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
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acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining' forces contributing to protein stability is the solid reference state. 

5 The major forces contributing to the thermodynamics of protein folding are Van 

der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 
entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to the energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis wich 

10 protein unfolding in the solid reference state, the hydrophobic effect is the dominant 

force. Hydrogen bonds are established during the protein fold process and intramolecular 
bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
"pushed out** of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 

IS packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 
maximum shieldmg from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a . 
peptide, it would require energy to unfold the peptide before the drug can be released. 

20 The unfolding process requires overcoming the hydrophobic effect by hydrating the 

amino acids or achieving the melting temperature of the protein. The heat of hydration is 
a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/mole over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 

25 often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 
chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded.state and the thermodynamics associated with the agent's 
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decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 

Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
5 enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

Ionizing amino acids can be selected for pH controlled peptide unfolding. 
Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
to lysine and arginine, ionize in the stomach and are neutral in an alkaline environment. 

Other factors such as n-n interactions between aromatic residues, kinking of the 
peptide chain by addition of proline, disulfide crosslinking and hydrogen bonduig can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
IS important in directing the secondary and tertiary structures of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents desired. 

20 As stated above, variable molecular weights of the carrier compound can have 

profound effects on the active agent release kinetics. As a result, low molecular weight 
active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 

25 kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 
carrier polypeptide. Another, significant advantage of the invention is that the kinetics of 
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active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 

Dextran is the only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of dmg for colon specific drug delivery. 

5 Generally, it was only possible to load up to 1/10 of the total drug-dextran conjugate 
weight with drug. As stated eariier, polysaccharides are digested mainly in the colon and 
drug absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advantages. First, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brush-border 

10 membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 
controlled and, thus, active agent loading can also be controlled. 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 







TABLE 




Amino acid 


MW 


Active agent 


MW 


Glycine 


57 


. Acetaminophen 


ISl 


Alanine 


71 


Vitamin B6 (Pyioxidine) 


169 


Valine 


99 


Vitamin C (Ascorbic acid) 


176 


Leucine 


113 


Aspirin 


180 


boleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 




Vitamin D2 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
stomach is important for the selected active agents, which were selected based on ease of 
covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 
molecular weight so that their condensation into a polypeptide is considered. For 
20 example, a decamer of glycine (MW=S88) linked to aspirin would have a total molecular 
weight of 7S0 and aspirin would represent 24% of the total weight of the active agent 

ID 
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delivery con^}osition or over two times the maximum drug loading for dextran. This is 
only for an N- or C- terminus application, for those active agents attached to pendant 
groups of decaglutamic acid, for instance, a drug with a molecular weight of 180 could 
conceivably have a ioacling of 58%, although this may not be entirely practical. 

5 The alcohol, amine or carboxylic acid group of an active agent may be covalently 

attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 
polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 

10 amine (e.g., ampicillin)» then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linked active agent. In both, the C- and N-terminus examples, 
the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-terminus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 

IS above where the alcohol, norethindrone, was covalently attached to 

poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 
with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released fh>m the 
peptide carrier by intestinal peptidases. 

20 The alcohol can be selectively bound to the ganuna carboxylate of glutamic acid 

and then this conjugate covalently attached to the C-terminus of the peptide carrier. 
Because the glutamic acid-dnig conjugate can be considered a dimer, this product adds 
two monomeric units to the C-tenninus of the peptide carrier where the glutanuc acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 

25 enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 
then undergo an intramolecular transamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the gamma ester of glutamic acid N- 

30 carboxyanhydride. This intermediate can then be polymerized, as described above, using 



11 



wo 03/034980 



3941 



PCTAJSOl/43089 



CW211P 

any suitable initiator as shown in Fig. 4. The product of this polymerization is 
polyglutamic acid with active ingredients attached to multiple pendant groups. Hence, 
maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA's can be copolymerized with the ganuna ester glutamic acid NCA to impart 
5 specific properties to the drug delivery systenu 

The invention also provides a method of imparting the same mechanism of action 
for other polypeptides containmg fimctional side chains. Examples include, but are not 
limited to, polyiysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythreonine and polyglutamine. The mechanism can translate to these 

10 polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, die active agent can be 
attached directiy to the pendant group where some other indigenous enzymes in the 

IS alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but arc not limited to, the 
attachment of naphthylacetic acid to LH-RH, coumarinic acid to opioid peptides and 1,3- 
20 dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

In the present invention, a quinolone antibiotic is covalently attached to the 
polypeptide via the amine group. 

The polypeptide carrier can be prepared using conventional techniques. A 
25 " preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
can be used. 
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The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
invention, a pre-first order release of the active agent is imparted by microencapsulating 
S the carrier poiypeptide-active agent conjugate in a polysaccharide, amino acid complex, 
PEG or salts. 

There is evidence that hydiophilic compounds are absorbed through the intestinal 
epithelia efficiently via specialized transporters. The entire membrane transport system is 
intrinsically asynunetric and responds asynunetrically to cofactors. Thus, one can expect 

10 that excitation of the membrane transport system will involve some soit of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
transported substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 

IS associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for mtestinal epithelial transport systems to facilitate absorption of active 
agents. 

In another embodiment of the invention, the composition includes one or more 
20 adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absort)ed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
25 absorption of the peptides. 

Preferably, the resultant peptide-a quinolone antibiotic conjugate is formulated 
into a tablet using suitable excipients and can either be wet granulated or dry compressed. 

Compositions of the invention are, in essence, the formation of amides from acids 
and amines and can be prepared by the following examples. 
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Acid/N*teniiinus coi^ugatioii 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can.then be treated with diisopropylcarbodiimide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature, the urea by-product filtered off. the product 
precipitated out in ether and purified using gel permeation chromatography (GPC) or 
dialysis. 

Amine/C-terminus coi^ugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room temperature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Terminus Coiyugatioa 

15 In the following example the combination of the alcohol with triphosgene 

produces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofuran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- - 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tributylamine. 
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Preparation ofy-Alkyl Glutamate 

There have been over 30 different y-alkyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid, the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

y-Alkyl GIutamate/C-Terminus Coi^ug0tion 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to 0°C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent. The reaction can then be stirred for 
several hours at room temperature, the urea by-product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y-Alkyl Glutamate-NCA 

y- Alkyl glutamate can be suspended in dry THF where triphosgene is added and 
IS the mixture refluxed under a nitrogen atmosphere until the mixture becomes 

homogenous. The solution can be poured into heptane to precipitate the NCA product, 
which is filtered, dried and recrystallized from a suitable solvent. 

Preparation of Poly[y-AlkyI Glutamate] 

•y^ Alkyl glutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific embodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A pharmaceutical composition comprising: 
a polypeptide; and 

a quinolone antibiotic covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The conywsition of claim 1 wherein said polypeptide is a homopoiymer of a 
naturally occurring amino acid. 

4. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopoiymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

7. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein a quinolone antibiotic is covalently 
attached to a side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

10. The composition of claim 9 wherein said microencapsulating agent is 
selected from the group consisting of polyethylene glycol (PEG), an amino acid« a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transporter. 

13. The composition of claim 1 further comprising a pharmaceutically acceptable 
excipient. 

S 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein a quinolone antibiotic is 
conformationally protected by folding of said polypeptide about said active agent 

18. The composition of claim 1 wherein said polypeptide is capable of releasing a 
(quinolone antibiotic firom said composition in a pH-dependent manner. 

15 19. A method for protecting a quinolone antibiotic ftom degradation comprising 

covalently attaching said active agent to a polypeptide. 

20. A method for controlling release of a quinolone antibiotic from a composition 
wherein said composition comprises a polypeptide* said method comprising covalently 
attaching a quinolone antibiotic to said polypeptide. 

20 21 . A method for delivering a quinolone antibiotic to a patient comprising 

administering to said patient a composition comprising: 
a polypeptide; and 

a quinolone antibiotic covalently attached to said polypeptide. 

22. The method of claim 21 wherein a quinolone antibiotic is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein a quinolone antibiotic is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstract 

A composition comprising a polypeptide and a quinoione antibiotic covalently 
attached to the polypeptide. Also provided is a method for delivery of a quinoione 
antibiotic to a patient comprising administering to the patient a composition comprising a 
5 polypeptide and a quinoione antibiotic covalently attached to the polypeptide. Also 
provided is a method for protecting a quinoione antibiotic from degradation comprising 
covalently attaching it to a polypeptide. Also provided is a method for controlling release 
of a quinoione antibiotic from a composition comprising covalently attaching it to the 
polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING 
HYDROCHLOROTHIAZIDE AND METHODS OF 
MAKING AND USING SAME 

5 FIELD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalently attached to hydrochlorothiazide, as well as 
methods for protecting and administering hydrochlorothiazide. This novel compound, 
referred to as a CARRIERWAVE™ Molecular Analogue (CMA), has the benefit of 
10 taking a known effective pharmaceutical agent that is both well studied and occupies a 
known segment of the pharmaceutical market, and combining it with a carrier compound 
that enhances the usefulness of the pharmaceutical agent without compromising its 
pharmaceutical effectiveness. 

BACKGROUND OF THE INVENTION 

15 Hydrochlorothiazide is a known pharmaceutical agent that is used in the treatment 

of hypertension. The chemical structure of hydrochlorothiazide is: 




The novel pharmaceutical compound of the present invention is useful in 
20 accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or mote of the following: another active pharmaceutical 
25 agent, an adjuvant, or an inhibitor. 
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Active agent delivery systems are often critical for the effective delivery of a 
biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
5 markedly if an active agent is administered orally in lieu of an injection or another 
^ invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
10 ^idic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 
resorclnolt surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microencapsulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
15 active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 
stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 

20 aspartic acid enables a sustained release of the active agent. As another example, 

copolymers of lactic acid and glutaric acid are used to provide timed release of human 
growth hormone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed anuno acids. Slow release rendering additives can 

25 also be intermixed with a large array of active agents in tablet formulations. 

Each of these technologies imparts enhanced stability and time-release properties 
to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
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reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 
is highly dependant on the water solubility of the active agent. Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent . 
in bursts with litde active agent available for sustained release. Furthermore, in some 
5 technologies, control of the degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 
active agent and, as such, is difiRcult to control the rate of release. 

In the past, use has been made of amino acid side chams of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 

10 require the use of spacer groups between the amino acid pendant group and the active 
agent The peptide-drug conjugates of this class of drug delivery system r^ly on enzymes 
in the bloodstream for the release of the drug and, as such, are not used for oral 
administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spiacer, to the 

15 ganuna carboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalently 
attached directly to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon*specific drug delivery system where 
the drug is released by bacterial hydroiytic enzymes residing in the large intestines. The 

20 released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 
combines the advantages of covalent drug attachment with liposome formation where the 
active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 

25 incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

It is also important to control the molecular weight, molecular size and particle 
size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
30 or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
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the colon by bacterial enzymes. High molecular weight micxospheies usually have high 
moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable drugs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
s to less than S microns. 

SUMMARY OF THE INVENTION 

The present invention provides covalent attachment of the active agent 
(hydrochlorothiazide) to a polymer of peptides or amino acids. The invention is 
distinguished from the above-mentioned technologies by virtue of covalently attaching 
hydrochlorothiazide to the N-terminus, the C-terminus or directly to the amino acid side 
chain of an oligopeptide or polypeptide, also referred to herein as a carrier peptide. In 
certain applications, the polypeptide will stabilize the active agent, primarily in the 
stomach, through conformational protection. In these applications, delivery of the active 
agent is controlled, in part, by the kinetics of unfolding of the carrier peptide. Upon entry 
into the upper intestinal tract, indigenous enzymes release the active ingredient for 
absorption by the body by selectively hydrolyzing the peptide bonds of the carrier 
peptide. This enzymatic action introduces a second order sustained release mechanism. 

Altematively» the present invention provides a pharmaceutical composition 
comprising hydrochlorothiazide microencapsulated by a polypeptide. 

20 The invention provides a composition comprising a polypeptide and 

hydrochlorothiazide covalently attached to the polypeptide. Preferably, the polypeptide 
is (i) an oligopeptide, (ii) a homopolymer of one of the twenty naturally occurring amino 
acids, (iii) a heteropolymer of two or more naturally occurring amino acids, (iv) a 
homopolymer of a synthetic amino acid, (v) a heteropolymer of two or more synthetic 

25 amino acids or (vi) a heteropolymer of one or more naturally occurring amino acids and 
one or more synthetic amino acids. 

Hydrochlorothiazide preferably is covalently attached to a side chain, the N- 
terminus or the C-terminus of the polypeptide. In a preferred embodiment, the active 

4 
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agent is a carboxylic acid and is covalentiy attached to the N-terminus of the polypeptide. 
In another prefened embodiment, the active agent is an amine and is covalentiy attached 
to the C-terminus of the polypeptide. In another preferred embodiment, the active agent 
is an alcohol and is covalentiy attached to the C-terminus of die polypeptide. In yet 
S another prefened embodiment, the active agent is an alcohol and is covalentiy attached to 
the N-terminus of the polypeptide. 

The composition of the invention can also include one or more of a 
microencapsulating agent, an adjuvant and a pharmaceutically acceptable excipient The 
microencapsulating agent can be selected from polyethylene glycol (PEG), an amino 
10 acid, a sugar and a salt. When an adjuvant is included in the composition, the adjuvant 
preferably activates an intestinal transporter. 

Preferably, the composition of the invention is in the form of an ingestable tablet, 
an intravenous preparation or an oral suspension. The active agent can be 
conformationally protected by folding of the polypeptide about the active agent In 
15 another embodiment, the polypeptide is capable of releasing the active agent from the 
composition in a pH-dependent manner. 

The invention also provides a method for protecting hydrochlorothiazide from 
degradation comprising covalentiy attaching it to a polypeptide. - 

The invention also provides a method for delivering hydrochlorothiazide to a 
20 patient, the patient being a human or a non-human animal, comprising administering to 
the patient a composition comprising a polypeptide and an active agent covalentiy 
attached to the polypeptide. In a preferred embodiment, hydrochlorothiazide is released 
from the composition by an enzyme-catalyzed release. In another preferred embodiment, 
hydrochlorothiazide is released in a time-dependent manner based on the 
25 pharmacokinetics of the enzyme-catalyzed release. In another preferred embodiment, the 
composition further comprises a microencapsulating agent and hydrochlorothiazide is 
released from the composition by dissolution of the microencapsulating agent. In another 
preferred embodiment, hydrochlorothiazide is released from the composition by a pH- 
dependent unfolding of the polypeptide. In another preferred embodiment. 
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hydrochlorothiazide is released from the composition in a sustained release. In yet 
another preferred embodiment* the composition further comprises an adjuvant covalently 
attached to the polypeptide and release of the adjuvant from the composition is controlled 
by the polypeptide. The adjuvant can be microencapsulated into a carrier peptide-dnig 
5 conjugate for biphasic release of active ingredients. 

The invention also provides a method for preparing a composition comprising 
polypeptide and an active agent covalently attached to the polypeptide. The method 
comprises the steps of: 

(a) attaching hydrochlorothiazide to a side chain of an amino acid to form an active 
10 agent/amino acid complex; 

(b) fonning an active agent/amino acid complex Nrcarboxyanhydride (NCA) 
from the active agent/amino acid complex; and 

(c) polymerizing the active agent/amino acid complex N-caiboxyanhydride 

(NCA). 

15 In a preferred embodiment, steps (a) and (b) are repeated prior to step (c) with a 

second active agent. When steps (a) and (b) are repeated prior to step (c) with a second 
agent, hydrochlorothiazide and a second active agent can be copolymerized in step (c). 
In another preferred embodiment, the amino acid is glutamic acid and the active agent is 
released from the glutamic acid as a dimer upon a hydrolysis of the polypeptide and 

20 wherein the active agent is released from the glutamic acid by coincident intramolecular 
transamination. In another preferred embodiment, the glutamic acid is replaced by an 
amino acid selected from the group consisting of aspartic acid, arginine, asparagine, 
cysteine, lysine, threonine, and serine, and wherein the active agent is attached to the side 
chain of the amino acid to form an amide, a thioester, an ester, an ether, a urethane, a 

25 carbonate, an anhydride or a carbamate. In yet another preferred embodiment, the 

glutamic acid is replaced by a synthetic amino acid with a pendant group comprising an 
amine, an alcohol, a sulfhydryl, an amide, a urea, or an acid functionality. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, but are not restrictive, of the invention. 
30 The general applications of this invention to other active pharmaceutical agents is 
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described in U.S. Patent AppUcation Serial Number 09/642,820, filed August 22. 2000, 
incoiporated herein by reference. 

DFTAn ED DESCRIPTION OF INVENTION 

The present invention provides several benefits for active agent delivery. First, 
5 the invention can stabilize hydrochlorothiazide and prevent its digestion in the stomach. 
In addition, the pharmacologic effect can be prolonged by delayed release of 
hydrochlorothiazide. Furthermore, active agents can be combined to produce synergistic 
effects. Also, absorption of the active agent in the intestinal tract can be enhanced. The 
invention also allows targeted delivery of active agents to specifics sites of action. 

10 The composition of the invention comprises hydrochlorothiazide covalently 

attached to a polypeptide. Preferably, the polypeptide is (i) an oligopeptide, (ii) a 
homopolymer of one of the twenty naturally occurring amino acids, (iii) a heteropolymer 
of two or more naturally occurring amino acids, (iv) a homopolymer of a synthetic amino 
. acid, (v) a heteropolymer of two or moic synthetic amino acids or (vi) a heteropolymer of 

15 one or more naturally occurring amino acids and one or more synthetic amino acids. 

Proteins, oligopeptides and polypeptides are polymers of amino acids that have 
primary, secondary and tertiary structures. The secondary structure of the protein is the 
local conformation of the polypeptide chain and consists of helices, pleated sheets and 
turns. The protein's amino acid sequence and the structural constraints on the 
20 conformations of the chain determine the spatial arrangement of the molecule. The 
folding of the secondary stmcture and the spatial arrangement of the side chains 
constitute the tertiary strucmre. 

Proteins fold because of the dynamics associated between neighboring atoms on 
the protein and solvent molecules. The thermodynamics of protein folding and unfolding 
25 are defined by the free energy of a particular condition of the protein that relies on a 
particular model. The process of protein folding involves, amongst other things, amino 
acid residues packing into a hydrophobic core. The amino acid side chains inside the 
protein core occupy the same volume as they do in amino acid crystals. The folded 
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protein interior is therefore more like a crystalline solid than an oil drop and so the best 
model for determining forces contributing to protein stability is the solid reference state. 

The major forces contributing to the thermodynamics of protein folding are Van 
der Waals interactions, hydrogen bonds, electrostatic interactions, configurational 

5 entropy and the hydrophobic effect. Considering protein stability, the hydrophobic effect 
refers to die energetic consequences of removing apolar groups from the protein interior 
and exposing them to water. Comparing the energy of amino acid hydrolysis with 
protein unfolding in the solid reference state, the hydrophobic effect is the dominant 
force. Hydrogen bonds are established during the protein fold process and intramolecular 

10 bonds are formed at the expense of hydrogen bonds with water. Water molecules are 
''pushed out*' of the packed, hydrophobic protein core. All of these forces combine and 
contribute to the overall stability of the folded protein where the degree to which ideal 
packing occurs determines the degree of relative stability of the protein. The result of 
maximum packing is to produce a center of residues or hydrophobic core that has 

15 maximum shielding from solvent. 

Since it is likely that lipophilic drugs would reside in the hydrophobic core of a 
peptide, it would require energy to unfold the peptide before the drug can be released. 
The unfolding process requires overcoming the hydrophobic effect by hydrating the 
amino acids or achieving the melting temperature of the protein. The heat of hydration is 

20 a destabilization of a protein. Typically, the folded state of a protein is favored by only 
5-15 kcal/moie over the unfolded state. Nonetheless, protein unfolding at neutral pH and 
at room temperature requires chemical reagents. In fact, partial unfolding of a protein is 
often observed prior to the onset of irreversible chemical or conformation processes. 
Moreover, protein conformation generally controls the rate and extent of deleterious 

25 chemical reactions. 

Conformational protection of active agents by proteins depends on the stability of 
the protein's folded sute and the thermodynamics associated with the agent*s 
decomposition. Conditions necessary for the agent's decomposition should be different 
than for protein unfolding. 
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Selection of the amino acids will depend on the physical properties desired. For 
instance, if increase in bulk or lipophilicity is desired, then the carrier polypeptide will be 
enriched in the amino acids in the table provided below. Polar amino acids, on the other 
hand, can be selected to increase the hydrophilicity of the polypeptide. 

5 Ionizing amino acids can be selected for pH controlled peptide unfolding. 

Aspartic acid, glutamic acid and tyrosine carry a neutral charge in the stomach, but will 
ionize upon entry into the intestine. Conversely, basic amino acids, such as histidine, 
lysine and arginine, ionize in the stonuu:h and are neutral in an alkaline environment 

Other factors such as ic-7C interactions between aromatic residues, kinking of the 
10 peptide chain by addition of proline, disulfide crosslinking and hydrogen bonding can all 
be used to select the optimum amino acid sequence for a given application. Ordering of 
the linear sequence can influence how these interactions can be maximized and is 
important in directing the secondary and tertiary strucmres of the polypeptide. 

Furthermore, amino acids with reactive side chains (e.g., glutamic acid, lysine, 
15 aspartic acid, serine, threonine and cysteine) can be incorporated for attaching multiple 
active agents or adjuvants to the same carrier peptide. This is particularly useful if a 
synergistic effect between two or more active agents is desired. 

As stated above, variable molecular weights of the carrier compound can have 
profound effects on the active agent release kinetics. As a result, low molecular weight 

20 active agent delivery systems are preferred. An advantage of this invention is that chain 
length and molecular weight of the polypeptide can be optimized depending on the level 
of conformational protection desired. This property can be optimized in concert with the 
kinetics of the first order release mechanism. Thus, another advantage of this invention is 
that prolonged release time can be imparted by increasing the molecular weight of the 

25 carrier polypeptide. Another^ significant advantage of the invention is that the kinetics of 
active agent release is primarily controlled by the enzymatic hydrolysis of the key bond 
between the carrier peptide and the active agent. 
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Dexiran is Ihe only polysaccharide known that has been explored as a 
macromolecular carrier for the covalent binding of drug for colon specific drag delivery. 
Generally, it was only possible to load up to 1/10 of the total drag-dextran conjugate 
weight with drug. As stated earlier, polysaccharides are digested mainly in the colon and 

5 drag absorption is mainly limited to the colon. As compared to dextran, this invention 
has two major advanuges. Fust, peptides are hydrolyzed by any one of several 
aminopeptidases found in the intestinal lumen or associated with the brash-border 
membrane and so active agent release and subsequent absorption can occur in the 
jejunum or the ileum. Second, the molecular weight of the carrier molecule can be 

10 controlled and, thus, active agent loading can also be controlled 



As a practical example, the following table lists the molecular weights of 
lipophilic amino acids (less one water molecule) and selected analgesics and vitamins. 

TABLE 



Amino acid 


MW 


Active aeent 


MW 


Glycine 


57 


Acetaminophen 


151 


Alanine 


71 


Vitamin 8$ (Pyroxidine) 


169 


Valine 


99 


Vitamin C (AsccHbic acid) 


176 


Leucine 


113 


Aspirin 


180 


Isoleucine 


113 


Ibuprofen 


206 


Phenylalanine 


147 


Retinoic acid 


300 


Tyrosine 


163 


Vitamin B2 (Riboflavin) 


376 






Vitamin Dj 


397 






Vitamin E (Tocopherol) 


431 



Lipophilic amino acids are preferred because conformational protection through the 
15 stomach is important for the selected active agents, which were selected based on ease of 

covalent attachment to an oligopeptide. Eighteen was subtracted from the amino acid's 

molecular weight so that their condensation into a polypeptide is considered. For 
. example, a decamer of glycine (MW=588) linked to aspirin would have a total molecular 

weight of 750 and aspirin would represent 24% of the total weight of the active agent 
20 delivery composition or over two times the maximum drug loading for dextran. This is 

only for an N- or C- terminus application, for those active agents attached to pendant 
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groups of decaglutamic acid, for instance, a dnig with a molecular weight of 180 could 
conceivably have a loading of S8%, although this may not be entirely practical. 

The alcohol, aqiine or carboxylic acid group of an active agent may be covalently 
attached to the N-terminus, the C-terminus or the side chain of the oligopeptide or 

S polypeptide. The location of attachment depends somewhat on the functional group 
selection. For instance, if the active drug is a carboxylic acid (e.g., aspirin) then the N- 
terminus of the oligopeptide is the preferred point of attachment. If the active agent is an 
amine (e.g., ampicillin), then the C-terminus is the preferred point of attachment in order 
to achieve a stable peptide linted active agefit. In both, the C- and N-terminus examples, 

10 the peptide is, in essence, extended by one monomeric unit forming a new peptide bond. 
If the active agent is an alcohol, then either the C-termmus or the N-terminus is the 
preferred point of attachment in order to achieve a stable composition. As in the example 
above where the alcohol, norethindrone, was covalently attached to 
poly(hydroxypropylglutamine), an alcohol can be converted into an alkylchloroformate 

IS with phosgene. This invention, then, pertains to the reaction of this key intermediate with 
the N-terminus of the peptide carrier. The active ingredient can be released firom the 
peptide carrier by intestinal peptidases. 

The alcohol can be selectively bound to the gamma carfooxylate of glutamic acid 
and then this conjugate covalently attached to the C-terminus of the peptide carrier. 

20 Because the glutamic acid-drug conjugate can be considered a dimer, this product adds 
two monomeric units to the C-terminus of the peptide carrier where the glutamic acid 
moiety serves as a spacer between the peptide and the drug as shown in Fig. 4. Intestinal 
enzymatic hydrolysis of the key peptide bond releases the glutamic acid-drug moiety 
from the peptide carrier. The newly formed free amine of the glutamic acid residue will 

25 then undergo an intramolecular u-ansamination reaction, thereby, releasing the active 
agent with coincident formation of pyroglutamic acid as shown in Fig. 5. Alternatively, 
the glutamic acid-drug dimer can be converted into the ganuna ester of glutamic acid N- 
carboxyanhydride. This intermediate can then be polymerized, as described above, using 
any suitable initiator as shown in Fig. 4. The product of this polymerization is 

30 polygiutamic acid with active ingredients attached to multiple pendant groups. Hence, 
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maximum drug loading of the carrier peptide can be achieved. In addition, other amino 
acid-NCA*s can be copolymeiized with the gamma ester glutamic acid NCA to impart 
specific properties to the drug delivery system. 

The invention also provides a method of imparting the same mechanism of action 
5 for other polypeptides containing functional side chains. Examples include, but are not 
limited to, polylysine, polyasparagine, polyarginine, polyserine, polycysteine, 
polytyrosine, polythrconine and polyglutamine. The mechanism can translate to these . 
polypeptides through a spacer or linker on the pendant group, which is terminated, 
preferably, by the glutamic acid-drug dimer. This carrier peptide-drug conjugate is 
10 distinguished from the prior art by virtue of the fact that the primary release of the drug 
moiety relies on peptidases and not on esterases. Alternatively, the active agent can be 
attached directly to the pendant group where some other indigenous enzymes in the 
alimentary tract can affect release. 

The active agent can be covalently attached to the N-terminus, the C-terminus or 
15 the side chain of the polypeptide using known techniques. Examples of linking organic 
compounds to the N-terminus type of a peptide include, but are not limited to, the 
attachment of naphthylacetic acid to LH-^RH, coumarinic acid to opioid peptides and l,3r 
dialkyl-3-acyltriazenes to tetragastrin and pentagastrin. As another example, there are 
known techniques for forming peptide linked biotin and peptide linked acridine. 

20 In the present invention, hydrochlorothiazide is covalently attached to the 

polypeptide via the amine group. 

The polypeptide carrier can be prepared using conventional techniques. A 
preferred technique is copolymerization of mixtures of amino acid N-carboxyanhydrides. 
Alternatively, if a specific sequence is desired, a solid state automated peptide synthesizer 
25 can be used. 

The addition of stabilizers to the composition has the potential of stabilizing the 
polypeptide further. Stabilizers such as sugar, amino acids, polyethylene glycol (PEG) 
and salts have been shown to prevent protein unfolding. In another embodiment of the 
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invention, a pre-first order release of the active agent is imparted by microencapsulating 
the carrier polypeptide-active agent conjugate in a polysacchari(te, amino acid complex, 
PEG or salts. 

There is evidence that hydrophilic compounds are absorbed through the intestinal 
S epithelia efficiently via specialized transporters. The entire membrane u-ansport system is 
intrinsically asymmetric and responds asymmetrically to cofactors. Thus, one can expect 
that excitation of the membrane transport system will involve some sort of specialized 
adjuvant resulting in localized delivery of active agents. There are seven known 
intestinal transport systems classified according to the physical properties of the 
10 transported substrate. They include the amino acid, oligopeptide, glucose, monocaiboxic 
acid, phosphate, bile acid and the P-glycoprotein transport systems and each has its own 
associated mechanism of transport. The mechanisms can depend on hydrogen ions, 
sodium ions, binding sites or other cofactors. The invention also allows targeting the 
mechanisms for intestinal epithelial transport systems to facilitate absorption of active 
15 agents. 

In another embodiment of the invention, the composition includes one or more 
adjuvants to enhance the bioavailability of the active agent. Addition of an adjuvant is 
particularly preferred when using an otherwise poorly absorbed active agent. Suitable 
adjuvants, for example, include: papain, which is a potent enzyme for releasing the 
20 catalytic domain of aminopeptidase-N into the lumen; glycorecognizers, which activate 
enzymes in the BBM; and bile acids, which have been attached to peptides to enhance 
absorption of the peptides. 

Preferably, the resultant peptide-hydrochlorothiazide conjugate is formulated into 
a tablet using suitable excipients and can either be wet granulated or dry compressed. 

25 Compositions of the invention are, in essence, the formation of amides from acids 

and amines and can be prepared by the following examples. 
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Acid/N-terminus coqjugation 

An acid bioactive agent can be dissolved in DMF under nitrogen and cooled to 
O^C. The solution can-then be treated with diisopropylcarbodiixnide and 
hydroxybenzotriazole followed by the amine peptide carrier. The reaction can then be 
5 stirred for several hours at room temperature* the urea by-product filtered off, the product 
precipitated out in ether and ptirified using gel permeation chromatography (GPC) or 
dialysis. 

Andne/C-terminus coiyugation 

The peptide carrier can be dissolved in DMF under nitrogen and cooled to O^C. 
10 The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
followed by the amine bioactive agent. The reaction can then be stirred for several hours 
at room tenqierature, the urea by-product filtered off, and the product precipitated out in 
ether and purified using GPC or dialysis. 

Alcohol/N-Temihius Coqjugatlon 

15 In the following example the combination of the alcohol with triphosgene 

pnxluces a chloroformate, which when reacted with the N-terminus of the peptide 
produces a carbamate. Pursuant to this, an alcohol bioactive agent can be treated with 
triphosgene in dry DMF under nitrogen. The suitably protected peptide carrier is then 
added slowly and the solution stirred at room temperature for several hours. The product 

20 is then precipitated out in ether. The crude product is suitably deprotected and purified 
using GPC. 

Other solvents, activating agents, cocatalysts and bases can be used. Examples of 
other solvents include dimethylsulfoxide, ethers such as tetrahydrofiiran or chlorinated 
solvents such as chloroform. Examples of other activating agents include 
25 dicyclohexylcarbodiimide or thionyl chloride. An example of another cocatalyst is N- 
hydroxysuccinimide. Examples of bases include pyrrolidinopyridine, 
dimethylaminopyridine, triethylamine or tnbutylamine. 
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Preparation of Y-AlkyI Glutamate 

There have been over 30 different yaikyl glutamates prepared any one of which 
may be suitable for the drug alcohol of choice. For example, a suspension of glutamic 
acid« the alcohol and concentrated hydrochloric acid can be prepared and heated for 
5 several hours. The y-alkyl glutamate product can be precipitated out in acetone, filtered, 
dried and recrystallized from hot water. 

Y-Alkyl Glutamate^C-Terminus Conjugation 

The peptide earner can be dissolved in DMF under nitrogen and cooled to O^C. 
The solution can then be treated with diisopropylcarbodiimide and hydroxybenzotriazole 
10 followed by the y-alkyl glutamate bioactive agent The reaction can then be stirred for 
several hours at room temperature, the urea by*product filtered off, and the product 
precipitated out in ether and purified using GPC or dialysis. 

Preparation of y- Allcyl Glutamate-NCA 

f-Alkyl glutamate can be suspended in dry THF where tripbosgene is added and 
15 the mixture refluxed under a nitrogen atmosphere until the oouxture becomes 

homogenous. The solution can be poured into heptane to precipitate the NC A product, 
which is filtered, dried and recrystallized from a suitable solvent * 

Preparation of PolyET^Alicyl Glutamate] 

Y-Alkyl glutamate-NC A can be dissolved in dry DMF where a catalytic amount of 
20 a primary amine can be added to the solution until it becomes viscous (typically 

overnight). The product can be isolated from the solution by pouring it into water and 
filtering. The product can be purified using GPC or dialysis. 

Although illustrated and described above with reference to specific enibodiments, 
the invention is nevertheless not intended to be limited to the details shown. Rather, 
25 various modifications may be made in the details within the scope and range of 
equivalents of the claims and without departing from the spirit of the invention. 
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CLAIMS 

What is claimed is: 

1. A pharmaceutical composition comprising: 
a polypeptide; and 

hydrochlorothiazide covalently attached to said polypeptide. 

2. The composition of claim 1 wherein said polypeptide is an oligopeptide. 

3. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
naturally occurring amino acid. 

4. The conq[X>sition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more naturally occurring amino acids. 

5. The composition of claim 1 wherein said polypeptide is a homopolymer of a 
synthetic amino acid. 

6. The composition of claim 1 wherein said polypeptide is a heteropolymer of 
two or more synthetic amino acids. 

7. TTie composition of claim 1 wherein said polypeptide is a heteropolymer of 
one or more naturally occurring amino acids and one or more synthetic amino acids. 

8. The composition of claim 1 wherein hydrochlorothiazide is covalently attached 
to a side chain, the N-terminus or the C-terminus of said polypeptide. 

9. The composition of claim 1 further comprising a microencapsulating agent. 

10. The composition of claim 9 wherein said microencs^sulating agent is 
selected from the group consisting of polyethylene glycol (PEG), an amino acid, a sugar 
and a salt. 

1 1 . The composition of claim 1 further comprising an adjuvant. 
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12. The composition of claim 1 1 wherein said adjuvant activates an intestinal 
transpoiter 

13. The composition of claim 1 further comprising a pharmaceuticaily acceptable 
excipient. 

5 14. The composition of claim 1 wherein said composition is in the form of an 

ingestable tablet. 

15. The composition of claim 1 wherein said composition is in the form of an 
intravenous preparation. 

16. The composition of claim 1 wherein said composition is in the form of an 
10 oral suspension. 

17. The composition of claim 1 wherein hydrochlorothiazide is conformationally 
protected by folding of said polypeptide about said active agent. 

18. The composition of claim 1 wherein said polypeptide is enable of releasing 
hydrochlorothiazide from said composition in a pH-dependent manner. 

15 19. A method for protecting hydrochlorothiazide from degradation comprising 

covalentiy attaching said active agent to a polypeptide. 

20. A method for controlling release of hydrochlorothiazide from a composition 
wherein said composition comprises a polypeptide, said method comprising covalentiy 
attaching hydrochlorothiazide to said polypeptide. 

20 2 1 . A method for delivering hydrochlorothiazide to a patient comprising 

administering to said patient a composition comprising: 
a polypeptide; and 

hydrochlorothiazide covalentiy attached to said polypeptide. 

22. The method of claim 21 wherein hydrochlorothiazide is released from said 
25 composition by an enzyme-catalyzed release. 
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23. The method of claim 21 wherein hydrochlorothiazide is released from said 
composition by a pH-dependent unfolding of said polypeptide. 

24. The method of claim 21 wherein said active agent is released from said 
composition in a sustained release. 

5 25. The method of claim 21 wherein said composition further comprises an 

adjuvant covalently attached to said polypeptide and wherein release of said adjuvant 
from said composition is controlled by said polypeptide. 
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Abstfact 

A composition comprising a polypeptide and hydrochlorothiazide covalentiy 
attached to the polypeptide. Also provided is a method for delivery of 
hydrochlorothiazide to a patient comprising administering to the patient a composition 
5 comprising a polypeptide and hydrochlorothiazide covalentiy attached to the polypeptide. 
Also provided is a method for protecting hydrochlorothiazide from degradation 
comprising covalentiy attaching it to a polypeptide. Also provided is a method for 
controlling release of hydrochlorothiazide from a composition comprising covalentiy • 
attaching it to the polypeptide. 
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A NOVEL PHARMACEUTICAL COMPOUND CONTAINING 
HYDROCHLOROTHIAZIDE AND TRIAMTERENE AND METHODS OF 
MAKING AND USING SAME 

5 FffiLD OF THE INVENTION 

The present invention relates to a novel pharmaceutical compound that comprises 
a polypeptide that is preferably covalently attached to hydrochlorothiazide and 
triamterene, as well as methods for protecting and administering hydrochlorothiazide and 
triamterene. This novel compound, referred to as a CARRIERWAVE™ Molecular 
10 Analogue (CMA), has the benefit of taking a known effective phannaceutical agent that 
is both well studied and occupies a known segment of the pharmaceutical market, and 
combining it with a carrier compound that enhances the usefulness of the pharmaceutical 
agent without compromising its pharmaceutical effectiveness. 

BACKGROUND OF THE INVENTION 

15 Hydrochlorothiazide and triamterene are known pharmaceutical agents that are 

used together in the treatment of edema and hypertension. The chemical structure of 
triamterene is: 




Its chemical name is . The chemical structure of hydrochlorothiazide is: 
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The novel pharmaceutical compound of the present invention is useful in 
accomplishing one or more of the following goals: enhancement of the chemical stability 
of the original compound; alteration of the release profile of an orally administered 
5 product; enhanced digestion or absorption; targeted delivery to particular tissue/cell type; 
and provision for an oral dosage form when none exists. The novel pharmaceutical 
compound may contain one or more of the following: another active pharmaceutical 
agent, an adjuvant, or an inhibitor. 

Active agent delivery systems are often critical for the effective delivery of a 
10 biologically active agent (active agent) to the appropriate target. The importance of these 
systems becomes magnified when patient compliance and active agent stability are taken 
under consideration. For instance, one would expect patient compliance to increase 
maricedly if an active agent is administered orally in lieu of an injection or another 
invasive technique. Increasing the stability of the active agent, such as prolonging shelf 
15 life or survival in the stomach, will assure dosage reproducibility and perhaps even 
reduce the number of dosages required which could improve patient compliance. 

Absorption of an orally administered active agent is often blocked by the harshly 
acidic stomach milieu, powerful digestive enzymes in the GI tract, permeability of 
cellular membranes and transport across lipid bilayers. Incorporating adjuvants such as 

20 resorcinoU surfactants, polyethylene glycol (PEG) or bile acids enhance permeability of 
cellular membranes. Microenc^sulating active agents using protenoid microspheres, 
liposomes or polysaccharides have been effective in abating enzyme degradation of the 
active agent. Enzyme inhibiting adjuvants have also been used to prevent enzyme 
degradation. Enteric coatings have been used as a protector of pharmaceuticals in the 

25 stomach. 

Active agent delivery systems also provide the ability to control the release of the 
active agent. For example, formulating diazepam with a copolymer of glutamic acid and 
aspartic acid enables a sustained release of the active agent As another example, 
copolymers of lactic acid and glutaric acid are used to provide timed release of human 
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growth honnone. A wide range of pharmaceuticals purportedly provide sustained release 
through microencapsulation of the active agent in amides of dicarboxylic acids, modified 
amino acids or thermally condensed amino acids. Slow release rendering additives can 
also be intermixed with a large array of active agents in tablet formulations. 

5 Each of these technologies imparts enhanced stability and time-release properties 

to active agent substances. Unfortunately, these technologies suffer from several 
shortcomings. Incorporation of the active agent is often dependent on diffusion into the 
microencapsulating matrix, which may not be quantitative and may complicate dosage 
reproducibility. In addition, encapsulated drugs rely on diffusion out of the matrix, which 

10 is highly dependant on the water solubility of the active agent Conversely, water-soluble 
microspheres swell by an infinite degree and, unfortunately, may release the active agent 
in bursts with litde active agent available for sustained release. Furthermore, in some 
technologies, control of tiie degradation process required for active agent release is 
unreliable. For example, an enterically coated active agent depends on pH to release the 

15 active agent and, as such, is difficult to control the rate of release. 

In the past, use has been made of amino acid side chains of polypeptides as 
pendant groups to which active agents can be attached. These technologies typically 
require the use of spacer groups between the amino acid pendant group and the active 
agent. The peptide-drug conjugates of this class of drug delivery system rely on enzymes 

20 in the bloodstream for the release of the drug and, as siich, are not used for oral 

administration. Examples of timed and targeted release of injectable or subcutaneous 
pharmaceuticals include: linking of norethindrone, via a hydroxypropyl spacer, to the 
ganuna caiboxylate of polyglutamic acid; and linking of nitrogen mustard, via a peptide 
spacer, to the gamma carbamide of polyglutamine. Dexamethasone has been covalentiy 

25 attached direcdy to the beta carboxylate of polyaspartic acid without a spacer group. 
This prodrug formulation was designed as a colon-specific drug delivery system where 
the drug is released by bacterial hydrolytic enzymes residing in the large intestines. The 
released dexamethasone active agent, in turn, was targeted to treat large bowel disorders 
and was not intended to be absorbed into the bloodstream. Yet another technology 

30 combines the advantages of covalent drug attachment with liposome formation where the 
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active ingredient is attached to highly ordered lipid films (known as HARs) via a peptide 
linker. Thus, there has been no drug delivery system, heretofore reported, that 
incorporates the concept of attaching an active ingredient to a polypeptide pendant group 
with its targeted delivery into the bloodstream via oral administration. 

5 It is also important to control the molecular weight, molecular size and particle 

size of the active agent delivery system. Variable molecular weights have unpredictable 
diffusion rates and pharmacokinetics. High molecular weight carriers are digested slowly 
or late, as in the case of naproxen-linked dextran, which is digested almost exclusively in 
the colon by bacterial enzymes. High molecular weight micitwpheres usually have hi^ 
10 moisture content which may present a problem with water labile active ingredients. 
Particle size not only becomes a problem with injectable dmgs, as in the HAR 
application, but absorption through the brush-border membrane of the intestines is limited 
to less than S microns. 

SUMMARY OF THF INVENTION 

\5 The present invention provides covalent attachment of the active agent 

(hydrochlorothiazide and triamterene) to a polymer of peptides or amino acids. The 
invention is distinguished from the above-mentioned technologies by virtue of covalentiy 
attaching hydrochlorothiazide and triamterene to the N-terminus, the C-terminus or 
directly to the amino acid side chain of an oligopeptide or polypeptide, also referred to 

20 herein as a carrier peptide. In certain applications, the polypeptide will stabilize the 
active agent, primarily in the stomach, through conformational protection. In these 
applications, delivery of the active agent is controlled, in part, by the kinetics of 
unfolding of the carrier peptide. Upon entry into die upper intestinal Uract, indigenous 
enzymes release the active ingredient for absorption by the body by selectively 

25 hydrolyzing the peptide bonds of the carrier peptide. This enzymatic action introduces a 
second order sustained release mechanism. 

Alternatively, the present invention provides a pharmaceutical composition 
comprising hydrochlorothiazide and triamterene microencapsulated by a polypeptide. 



4 



